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PBEFACE. 


Between the years 1838 and 18G5 I published six editions 
of the 4 Elements of Geology,’ beginning with a small 
duodecimo volume, which increased with each successive 
edition, as new facts accumulated, until in 18G5 it had 
become a large and somewhat expensive work. 

When a seventh edition was called for, I was strongly 
urged by my friends to attempt to bring the book back 
again to a size more approaching the original, so that it 
might be within the reach of the ordinary student. In 
order to do this I resolved, in the first place, to omit some 
theoretical discussions which belonged more properly to 
my 4 Principles of Geology,’ and further to confine myself 
to examples of British rocks, wherever this could be done ; 
only seeking foreign illustrations when, as in the case of 
the Upper Miocene or Falunian Tertiaries, no good repre- 
sentatives were to be found in this country. 

I therefore published in 1871 what was substantially a 
new work under the title of 4 The Student’s Elements of 
Geology,’ and the success of the attempt has been proved 
by the steady demand which has exhausted an unusually 
large edition in less than three years. 

The present work has been carefully revised and corrected, 
with the addition of such new matter as the plan of the 
volume permitted. 
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PREFACE. 


I have also added a new and very important table 
(see p. G23) illustrative of the successive appearance and 
development in time, of the different forms of animal and 
vegetable life throughout the British fossiliferous rocks. 
This table has been compiled for me by Mr. Etheridge of 
the London School of Mines, from materials which he has 
been collecting for mauy years. 

Among the numerous scientific friends who have rendered 
me valuable assistance in different parts of this new edition, 
I should wish especially to mention Mr. Sea rles Wood, 
Mr. David Forbes, Mr. Judd, and the Itev. T. G. Bonnev, 
of St. John’s, Cambridge. 

Charles Lykll. 


7«‘i 11 akl/f.y Stkkkt : 
February 1874. 


As it is impossible to enable the 
reader to recognise, rocks and minerals 
at sight by aid of verbal descrip- 
tions or figures, lie. will do well to 
obtain a well-arranged collection of 


specimens such as may be procured 
from Mr. Tennant (1*111 Strand), 
teacher of Mineralogy at King’s 
College, London. 
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CHAPTER I. 

ON THE DIFFERENT CLASSES OF ROCKS. 

Geology defined — Successive formation of the earth's crust — Classification o 
rocks according to their origin and age — Aqueous rocks — Their stratifica- 
tion and imbedded fossils — Volcanic rocks, with and without cones and 
craters — Plutonic rocks, and their relation to the volcanic — Metamorpliic 
rocks, and their probable origin — The term primitive, why erroneously 
applied to the crystalline formations — Leading division of the work. 

Of wliat materials is the earth composed, and in what manner 
are these materials arranged ? These are the first enquiries with 
which Geology is occupied, a science which derives its name 
from the Greek, y»7, ge, the earth, and \oyoc, logos, a discourse. 
Previously to experience we might have imagined that investi- 
gations of this kind would relate exclusively to the mineral 
kingdom, and to the various rocks, soils, and metals, which 
occur upon the surface of the earth, or at various depths beneath 
it. But, in pursuing such researches, we soon find ourselves 
led on to consider the successive changes which have taken 
place in the former state of the earth’s surface and interior, and 
the causes which have given rise to these changes ; and, what 
is still more singular and unexpected, we soon become engaged 
in researches into the history of the animate creation, or of the 
various tribes of animals and plants which have, at different 
periods of the past, inhabited the globe. 

All are aware that the solid parts of the earth consist of 
distinct substances, such as clay, chalk, sand, limestone, coal, 
slate, granite, and the like ; but previously to observation it is 
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commonly imagined that all these have remained from the first 
in the state in which we now see them, — that they were created 
in their present form, and in their present position. The geo- 
logist soon comes to a different conclusion, discovering proofs 
that the external parts of the earth were not all produced in the 
beginning of things in the state in which wo now behold them, 
nor in an instant of time. On tlic contrary, lie can show that 
they have acquired their actual configuration and condition 
gradually, under a great variety of circumstances, and at suc- 
cessive periods, during each of which distinct races of living 
beings have flourished on the land and in the waters, tlio 
remains of these creatures still lying buried in the crust of the 
earth. 

By the ‘ earth’s crust,’ is meant that small portion of the 
exterior of our planet which is accessible to human observation. 
It comprises not merely all of which the structure is laid open 
in mountain precipices, or in cliffs overhanging a river or the 
sea, or whatevor the miner may reveal in artificial excavations ; 
but the whole of that outer covering of the planet on which wo 
are enabled to reason by observations made at or near the sur- 
face. These reasonings may extend to a depth of several miles, 
perhaps ten miles ; and even then it may be said, that such a 
thickness is no more than part of the distance from the sur- 
face to the centre. The remark is just ; but although the di- 
mensions of such a crust are, in truth, insignificant when com- 
pared to the entire globe, yet they are vast, and of magnificent 
extont in relation to man, and to the organic beings which 
people our globe. Referring to this standard of magnitude, tho 
geologist may admire the ample limits of his domain, and admit, 
at the same time, that not only the exterior of the planet, but 
the entire earth, is but an atom in the midst of the countless 
worlds surveyed by the astronomer. 

Tho materials of this crust^are not thrown together confusedly; 
but distinct mineral masses, called rocks, are found to occupy 
definite spaces, and to exhibit a certain order of arrangement. 
The term rock is applied indifferently by geologists to all these 
substances, whether they be soft or stony, for clay and sand are 
included in tho terra, and some have even brought peat under 
this denomination. Our old writers endeavoured to avoid offer- 
ing such violence to our language, by speaking of the component 
materials of the earth as consisting of rocks and soils. But there 
is often so insensible a passage from a soft and incoherent state 
to that of stone, that geologists of all countries have found it 
indispensable to have one technical term to include both, and 
in this sense we find roclie applied in French, rocca in Italian, 
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and f chart in German. The beginner, however, must constantly 
bear in mind, that the term rock by no means implies that a 
mineral mass is in an indurated or stony condition. 

The most natural and convenient mode of classifying the 
various rocks which compose the earth’s crust, is to refer, in the 
first place to their origin , and in the second to their relative 
age. I shall therefore begin by endeavouring briefly to explain 
to the student how all rocks may be divided into four groat 
classes by reference to their different or igin, or, in other words, 
by reference to the different circumstances and causes by which 
they have been produced. 

The first two divisions, which will at once be understood as 
natural, are the aqueous and volcanic, or the products of watery 
and those of igneous action at or near the surface. 

Aqueous rooks. — The aqueous rocks, sometimes called the 
sedimentary, or fossiliferous, cover a larger part of the earth’s 
surface than any others. They consist chiefly of mechanical 
deposits (pebbles, sand, and mud), but are partly of chemical 
and some of them of organic origin, especially the limestones. 
These rocks are nt ratified, or divided into distinct layers, or 
strata. The term stratum means simply a bed, or anything 
spread out or strewed over a given surface ; and wo infer that 
these strata have been generally spread out by the action of 
water, from what we daily see taking place near the mouths 
of rivers, or on the land during temporary inundations. For, 
whenever a running stream charged with mud or sand, has its 
velocity checked, as when it enters a lake or sea, or overflows a 
plain, the sediment, previously held in suspension by the motion 
of the water, sinks, by its own gravity, to the bottom. In this 
manner layers of mud and sand arc thrown down one upon 
another. 

If we drain a lake which has been fed by a small stream, we 
frequently find at the bottom a series of deposits, disj>osed with 
considerable regularity, one above the other ; the uppermost, 
perhaps, may be a stratum of peat, next below a more den so 
and solid variety of the same material ; still lower a bed of sliell- 
marl, alternating with j>eat or sand, and then other beds of 
marl, divided by layers of clay. Now, if a second pit be sunk 
through the same continuous lacustrine formation at some dis- 
tance from the first, nearly the same series of beds is commonly 
met with, yet with slight variations ; some, for example, of the 
layers of sand, clay, or marl, may be wanting, one or more of 
them having thinned out and given place to others, or some- 
times one of the masses first examined is observed to increase 
in thickness to the exclusion of other beds. 

b 2 
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The term ‘ foi'mation , ’ which I have used in the above expla- 
nation, expresses in geology any assemblage of rocks which have 
some character in common, whether of origin, age, or composi- 
tion. Thus we speak of stratified and unstratified, freshwater 
and marine, aqueous and volcanic, ancient and modem, metal- 
liferous and non-metalliferous formations. 

In the estuaries of large rivers, such as the Ganges and the 
Mississippi, we may observe, at low water, phenomena analo- 
gous to those of the drained lakes above mentioned, but on a 
grander scale, and extending over areas several hundred miles 
in length and breadth. When the periodical inundations sub- 
side, the river hollows out a channel to the depth of many 
yards through horizontal beds of clay and sand, the ends of 
which are seen exposed in perpendicular cliffs. These beds vary 
in their mineral composition, or colour, or in the fineness or 
coarseness of their particles, and some of them are occasionally 
characterised by containing drift wood. At the junction of the 
river and the sea, especially in lagoons nearly separated by sand 
bars from the ocean, deposits are often formed in which brackish- 
and salt-water shells are included. 

In Egypt, where the Nile is always adding to its delta by 
filling up part of the Mediterranean with mud, the newly de- 
posited sediment is stratified, the thin layer thrown down in one 
season differing slightly in colour from that of a previous year, 
and being separable from it, as has been observed in excavations 
at Cairo, and other places . 1 

When beds of sand, clay, and mail, containing shells and 
vegetable matter, are found arranged in a similar manner in 
tho interior of the earth, we ascribe to them a similar origin ; 
and the more we examine their characters in minute detail, tho 
more exact do we find the resemblance. Thus, for example, at 
various heights and depths in the earth, and of ten far from seas, 
lakes, and rivers, we meet with layers of rounded pebbles com- 
posed of flint, limestone, granite, or other rocks, resembling 
the shingles of a sea-beach or the gravel in a torrent’s bed. Such 
layers of pebbles frequently alternate with others formed of 
sand or fine sediment, just as we may see in the channel of a 
river descending from hills bordering a coast, where the current 
sweeps down at one season coarse sand and gravel, while at 
another, when the waters are low and less rapid, fine mud and 
sand alone are carried seaward . 8 

If a stratified arrangement, and the rounded form of pebbles, 
are alone sufficient to lead us to the conclusion that certain rocks 

1 See Principles of Geology, by tlic Author, Index, ‘ Nile,’ ‘ liivers,’ &c. 

8 See p. 20, fig, 7. 
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originated under water, this opinion is further confirmed by the 
distinct and independent evidence of fossils , so abundantly 
included in the earth’s crust. ~By a, fossil ia meant any body, or 
the traces of the existence of any body, whether animal or vege- 
table, which has been buried in the earth by natural causes. 
Now the remains of animals, especially of aquatic specieB, are 
found almost everywhere imbedded, in stratified rocks, and 
sometimes, in the case of limestone, they are in Buch abundance 
as to constitute the entire mass of the rock itself. Shells and 
corals are the most frequent, and with them are often associated 
the bones and teeth of fishes, fragments of wood, impressions 
of leaves, and other organic substances. Fossil shells, of forms 
such as now abound in the sea, are met with far inland, both 
near the surface, and at great depths below it. They occur at 
all heights above the level of the ocean, having been observed 
at elevations of more than 8,000 feet in the Pyrenees, 10,000 in 
the Alps, 13,000 in the Andes, and above 18,000 feet in the 
Himalaya. 1 

These shells belong mostly to marine tcstacea, but in some 
places exclusively to forms characteristic of lakes and rivers. 
Hence it is concluded that some ancient strata were deposited 
at the bottom of the sea, and others in lakes and estuaries. 

We liaA'e now pointed out one great class of rocks, which, 
however they may vary in mineral composition, colour, grain, 
or other characters-, external and internal, may nevertheless bo 
grouped together as having a common origin. They have all 
been formed under water, in the same manner as modem accu- 
mulations of sand, mud, shingle, banks of shells, reefs of coral, 
and the like, and are all characterised by stratification or fossils, 
or by both. 

Volcanic rocks. — The division of rocks which we may next 
consider are the volcanic, or those which have been produced at 
or near tlie surface whether in ancient or modern times, not by 
water, but by the action of fire or subterranean heat. These 
rocks are for the most part unstratified, and are devoid of fossils. 
They are more partially distributed than aqueous formations, at 
least in respect to horizontal extension. Among those parts of 
Europe where they exhibit characters not to be mistaken, I may 
mention not only Sicily and the country round Naples, but 
Auvergne, Yelay, and Yivarais, now the departments of Puy 
de Dome, Haute Loire, and Ardeche, towards the centre and 
south of France, in which are several hundred conical hills 
having the forms of modem volcanos, with craters more or less 
perfect on many of their summits. These cones are composed 

1 Col. R. J. Strachey found oolitic fossils 18,400 feet high in the Himalaya- 
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moreover of lava, sand, and ashes, similar to those of active 
volcanos. Streams of lava may sometimes be traced from the 
cones into the adjoining valleys, where they have choked up 
the ancient channels of rivers with solid rock, in the same man- 
ner as some modern flows of lava in Iceland have been known 
to do, the rivers either flowing beneath or cutting out a narrow 
2>assage on one side of the lava. Although none of these French 
volcanos have been in activity within the period of history 
or tradition, their forms are often very perfect. Some, how- 
ever, have boon compared to the mere skeletons of volcanos, 
the rains and torrents having washed their sides, and removed 
all the loose sand and scoria;, leaving only the harder and more 
solid materials. By this erosion, and by earthquakes, their 
internal structure has occasionally been laid open to view, in 
fissures and ravines ; and we then behold not only many suc- 
cessive beds and masses of porous lava, sand, and scoriie, but 
also perpendicular walls, or dike, s, as they are called, of volcanic 
rock, which have burst through the other materials. Such 
dikes are also observed in the structure of Vesuvius, Etna, and 
other active volcanos. They have been formed by tho pouring 
of melted matter, whether from above or below, into open fis- 
sures, and they commonly traverse deposits of volcanic tuff. j a 
substance produced by the showering down from the air, or in- 
cumbent waters, of sand and cinders, first shot up from tho 
interior of the earth by the explosions of volcanic gases. 

Besides the parts of France above alluded to, there are other 
countries, as the north of Spain, the south of Sicily, the Tuscan 
territory of Italy, the lower Rhenish provinces, and Hungary, 
where spent volcanos may be seen, still preserving in many 
cases a conical form, and having craters and often lava-streams 
connected with them. 

There are also other rocks in England, Scotland, Ireland, and 
almost every country in Europe, which we infer to be of igneous 
origin, although they do not form hills with cones and craters. 
Thus, for example, we feel assured that the rock of Staffa, and 
that of the Giant’s Causeway, called basalt, is volcanic, beoause 
ifc agrees in its columnar structure and mineral composition with 
streams of lava which we know to have flowed from the craters 
of volcanos. We find also similar basaltic and other igneous 
rocks associated with bods of tuff in various parts of the British 
Isles and forming dikes, such as have been spoken of ; and some 
of tlie strata through which these dikes cut are occasionally 
altered at the point of contact, as if they had been exposed to 
the intense heat of melted matter. 

The absence of cones and craters, and long narrow streams 
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of superficial lava, in England and many other countries, is 
principally to be attributed to the eruptions having been sub- 
marine, just as a considerable proportion of volcanos in our 
own times burst out beneath the sea. But this question must 
be enlarged upon more fully in the chapters on Igneous rocks, 
in which it will also be shown, that as different sedimentary 
formations, containing each their characteristic fossils, have 
been deposited at successive periods, so also volcanic sand and 
scorite have been thrown out, and Lavas have flowed over the 
land or bed of the sea, at many different epochs, or have been 
injected into fissures; so that the igneous as well as the aqueous 
rocks may be classed as a chronological series of monuments, 
throwing light on a succession of events in the history of the 
earth. 

Plutonic rocks ( Granite , &c.). — We have now pointed out the 
existence of two distinct orders of mineral masses, the aqueous 
and the volcanic : but if we examine a large portion of a conti- 
nent, especially if it contain within it a lofty mountain range, 
we rarely fail to discover two other classes of rocks, very distinct 
from either of those above alluded to, and which we can neither 
assimilate to deposits such as are now accumulated in lakes or 
seas, nor to those generated by ordinary volcanic action. The 
members of both these divisions of rocks agroe in being highly 
crystalline and destitute of organic remains. The rocks of one 
• division have been called plutonic, comprehending all the 
granites and certain porphyries, which are nearly allied in some 
of their characters to volcanic formations. The members of the 
other class are stratified and often slaty, and have been called 
by some the crystalline schists, in which group are included 
gneiss, micaceous-schist (or mica-slate), hornblende-schist, 
statuary marble, the finer kinds of roofing slate, and other 
rocks afterwards to be described. 

As it is admitted that nothing strictly analogous to these 
crystalline productions can now be seen in the progress of for- 
mation on the earth’s surface, it will naturally be asked, on 
what data we can find a place for them in a system of classifica- 
tion founded on the origin of rocks. I cannot, in reply to this 
question, pretend to give the student, in a few words, an intel- 
ligible account of the long chain of facts and reasonings from 
which geologists have been led to infer the nature of the rocks 
in question. The result, however, may be briefly stated. All 
the various kinds of granites which constitute the plutonic 
family, are supposed to be of igneous or aqueo-igneous origin, 
and to have been formed under great pressure, at a considerable 
depth in the earth, or sometimes, perhaps under a certain weight 
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of incumbent ocean. Like the lava of voloanos, they have been 
melted, and afterwards cooled and crystallised, but with extreme 
Blowness, and under conditions very different from those of 
bodies cooling in the open air. Hence they differ from the 
volcanic rocks, not only by their more crystalline texture, but 
also by the absence of tuffs and breccias, which are the products 
of eruptions at the earth’s surface, or beneath seas of inconsider- 
able depth. They differ also by the absence of pores or cellular 
cavities, to which the expansion of the entangled gases gives 
rise in ordinary lava. 

MetamorphlCf or stratified crystalline rocks. — The fourth 
and last great division of rocks are the crystalline strata and 
slates, or schists, called gneiss, mica-schist, clay- slate, chlorite- 
schist, marble, and the like, the origin of which is more doubtful 
than that of the other three classes. They contain no pebbles, 
or sand, or scorijc, or angular pieces of imbedded stone, and no 
traces of organic bodies, and they are often as crystalline as 
granite, yet are divided into beds, corresponding in form and 
arrangement to those of sedimentary formations, and are there- 
fore said to be stratified. The beds sometimes consist of an 
alternation of substances varying in colour, composition, and 
thickness, precisely as we see in stratified fossiliferous deposits. 
According to the Huttonian theory, which I adopt as the most 
probable, and which will be afterwards more fully explained, the 
materials of these strata were originally deposited from water in , 
the usual form of sediment, but they were subsequently so 
altered by subterranean heat, as to assume a new texture. It 
is demonstrable, in some cases at least, that such a complete 
conversion has actually taken place, fossiliferous strata having 
exchanged an earthy for a highly crystalline texture for a dis- 
tance of a quarter of a mile from their contact with granite. In 
some cases, dark limestones, replete with shells and corals, have 
been turned into white statuary marble, and hard clays, con- 
taining vegetable or other remains, into slates called mica-schist 
or hornblende-schist, every vestige of the organic bodies having 
been obliterated. 

Although we are in a great degree ignorant of the precise 
nature of the influence exerted in these cases, yet it evidently 
bears some analogy to that which volcanic heat and gases are 
known to produce ; and the action may be conveniently called 
plutonic, because it appears to have been developed in those 
regions where plutonic rocks are generated, and under similar 
circumstances of pressure and depth in the earth. Intensely 
heated water or steam permeating stratified masses under great 
pressure have no doubt played their part in producing the crys- 
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talline texture and other changes, and it is clear that the trans- 
forming influence has often pervaded entire mountain masses of 
strata. 

In accordance with the hypothesis above alluded to, I pro- 
posed in the first edition of the Principles of Geology (1833), the 
term c Metamorpliic ’ for the altered strata, a term derived from 
jLit r<r, meta, tram* , and fiapQi), morplie, forma. 

Hence there are four great classes of rocks considered in refe- 
rence to their origin, — the aqueous, the volcanic, the plutonic, 
and the metamorpliic. In the course of this work it will be 
shown, that portions of each of these four distinct classes have 
originated at many successive periods. They have all been pro- 
duced contemporaneously, and may even now be in the progress 
of formation on a large scale. It is not true, as was formerly 
supposed, that all granites, together with the crystalline or me- 
tamorphic strata, were first formed, and therefore entitled to bo 
called ‘ primitive,’ and that the aqueous and volcanic rocks 
were afterwards super-imposed, and should, therefore, rank as 
secondary in the order of time. This idea was adopted in the 
infancy of the science, when all formations, whether stratified 
or unstratified, earthy or crystalline, with or without fossils, 
were alike regarded as of aqueous origin. At that period it was 
naturally argued, that the foundation must be older than the 
superstructure ; but it was afterwards discovered, that this 
.opinion was by no means in every instance a legitimate deduc- 
tion from facts ; for the inferior parts of the earth’s crust have 
often been modified, and even entirely changed, by the influence 
of volcanic and other subterranean causes, while super-imposed 
formations have not been in the slightest degree altered. In 
other words, the destroying and renovating processes have given 
birth to new rocks below, while those above, whether crystal-- 
line or fossiliferous, have remained in their ancient condition. 
Even in cities, such as Venice and Amsterdam, it cannot be 
laid down as universally true, that the upper parts of each 
edifice, whether of brick or marble, are more modem than the 
foundations on which they rest, for these often consist of wooden 
piles, which may have rotted and been replaced one after the 
other, without the least inj ury to the buildings above ; mean- 
while, thesj may have required scarcely any repair, and may 
have been constantly inhabited. So it is with the habitable 
surface of our globe, in its relation to large masses of rock im- 
mediately below : it may continue the same for ages, while sub- 
jacent materials, at a great depth, are passing from a solid to a 
fluid state, and then roconsolidating, so as to acquire a new 
texture. 
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As all the crystalline rocks may, in some respects, be viewed 
as belonging to one great family, whether they be stratified or 
unstratified, metamorphic or plutonic, it will often be convenient 
to speak of them by one common name. It being now ascer- 
tained, as above stated, that they are of very different ages, 
sometimes newer than the strata called secondary, the terms 
primitive and primary which were formerly used for the whole 
must be abandoned, as they would imply a manifest contra- 
diction. It is indispensable, therefore, to find a new name, one 
which must not be of chronological import, and must express, on 
the one hand, some peculiarity equally attributable to granite 
and gneiss (to the plutonic, as well as the altered rocks), and, on 
the other, must have reference to characters in which those rocks 
differ, both from the volcanic and from the unaltered sedimentary 
strata. I proposed in the Principles of Geology (first edition, 
vol. iii. ), the term 1 liypogene ’ for this purpose, derived from 
I’tto, under , and yivoyai , to be , or to be born ; a word implying the 
theory that granite, gneiss, and the other crystalline formations 
are alike nether formed rocks, or rocks which have not assumed 
their present form and structure at the surface. They occupy 
the lowest place in the order of superposition. Even in regions 
such as the Alp s, where some masses of granite and gneiss can 
he shown to be of comparatively modern date, belonging, for 
example, to the period hereafter to be described as tertiary, they 
are still underlying rocks. They never repose on the volcanic or 
trappean formations nor on strata containing organic remains. 
They are hypogene , as 1 being under ’ all the rest. 

From what has now been said, the reader will understand that 
each of the four great classes of rocks may be studied under two 
distinct points of view ; first, they may be studied simply as 
mineral masses deriving their origin from particular causes, and 
having a certain composition, form, and position in the earth’s 
crust, or other characters both positive and negative, such as 
the presence or absence of organic remains. In the second 
place, the rocks of each class may be viewed as a grand chrono- 
logical scries of monuments, attesting a succession of events in 
the former history of the globe and its living inhabitants. 

I shall accordingly proceed to treat of each family of rocks ; 
first, in reference to those characters which are not chronological, 
and then in particular relation to the several periods when they 
were formed. 
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CHAPTER II, 

AQUEOUS ROCKS — THEIR COMPOSITION AND FORMS OF 
STRATIFICATION. 

Mineral composition of strata — Siliceous rocks— Argillaceous— Calcareous 
— Gypsum — Forms of stratification — -Original horizontally — Thinning 
out — Diagonal arrangement — Hippie mark. 

Tn pursuance of the arrangement explained in the last chapter) 
wo shall begin by examining tlie aqueous or sedimentary rocks, 
which arc for the most part distinctly stratified, and contain 
fossils. We may first study them with reference to their mineral 
composition, external appearance, position, mode of origin, 
organic contents, and other characters which belong to them as 
aqueous formations, independently of their age, and we may 
afterwards consider them chronologically or with reference to 
the successive geological periods when they originated. 

I have already given an outline of the data which led to tho 
belief that the stratified and fossiliferous rocks were originally 
deposited under water ; but, before entering into a more detailed 
investigation, it will be desirable to say something of the ordi- 
nary materials of which such strata are composed. These may 
he said to belong principally to three divisions, the siliceous, tho 
argillaceous, and the calcareous, which are formed respectively 
of flint, clay, and carbonate of lime. Of these, the siliceous are 
chiefly made up of sand or flinty grains ; the argillaceous, or 
clayey, of a mixture of siliceous matter, with a certain propor- 
tion, about a fourth in weight, of aluminous earth ; and, lastly, 
the calcareous rocks or limestones of carbonic acid and lime. 

Siliceous and arenaceous rocks. — To speak first of the sandy 
division : beds of loose sand are frequently met with, of which 
the grains consist entirely of siJex, which term comprehends all 
purely siliceous minerals, as quartz and common flint. Quartz 
is silex in its purest form. Flint usually contains some ad- 
mixture of alumina and oxide of iron. The siliceous grains in 
sand are usually rounded, as if by the action of running water. 
Sandstone is an aggregate of such grains, which often cohere 
together without any visible cement, but more commonly are 
bound together by a slight quantity of siliceous or calcareous 
matter, or by oxide of iron or clay. 
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Pure siliceous rocks may bo known by not effervescing 
when a drop of nitric, sulphuric or other acid is applied to them, 
or by the grains not being readily scratched or broken by ordi- 
nary pressure. In nature there is every intermediate gradation, 
from perfectly loose sand to the hardest sandstone. In mica- 
ceous sandstones mica is very abundant ; and the thin silvery 
plates into which that mineral divides are often arranged in 
layers parallel to the planes of stratification, giving a slaty or 
laminated texture to the rock. 

When sandstone is coarse-grained, it is usually called grit or, 
if the fragments are for the most part angular, a breccia. If the 
grains are rounded, and large enough to be called pebbles, it 
becomes a conglomerate or pudding-stone , which may consist of 
pieces of one or of many different kinds of rock. A conglomerate, 
therefore, is simply gravel bound together by a cement. 

Argillaceous rocks. — Clay, strictly speaking, is a mixture of 
silex or flint with a large proportion, usually about one fourth, 
of alumina, or argil ; but in common language, any earth which 
possesses sufficient ductility, when kneaded up with water, to be 
fashioned like paste by the hand, or by the potter’s lathe, is 
called a clay ; and such clays vary greatly in their composition, 
and are, in general, nothing more than mud derived from the 
decomposition or wearing down of rocks. The purest clay found 
in nature is porcelain clay, or kaolin, which results from the 
decomposition of a rock composed of felspar and quartz, and it 
is almost always mixed with quartz. The kaolin of China con- 
sists of 71 ‘15 parts of silex, 15*8<> of alumine, 1*92 of lime, and 
0*73 of water ; 1 but other porcelain clays differ materially, that 
of Cornwall being composed, according to Boase, of nearly equal 
parts of silica and alumine, with 1 per cent, of magnesia. 2 Shale 
has also the property, like clay, of becoming plastic in water : it 
is a more solid form of clay, or argillaceous matter, condensed 
by pressure. It always divides into lamina) more or less regular. 

One general character of all argillaceous rocks is to give out a 
peculiar, earthy odour when breathed upon, which is a test of 
the presence of alumine, although it does not belong to pure 
alumine, but, apparently, to the combination of that substance 
with oxide of iron. 3 

t Calcareous rocks. — This division comprehends those rocks 
which, like chalk, are composed chiefly of lime and carbonic 
acid. Shells and corals are also formed of the same elements, 
with the addition of animal matter. To obtain pure lime it is 
necessary to calcine these calcareous substances, that is to say, 

1 W. Phillips, Mineralogy, p. 33. 3 See W. Phillips’s • Mineralogy 

* Phil. Mag. vol. x. 1837. ‘ Alumine.’ 
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to expose them to heat of sufficient intensity to drive off tlio 
carbonic acid, and other volatile matter. White chalk is some- 
times pure carbonate of lime ; and this rock, although usually 
in a soft and earthy state, is occasionally sufficiently solid to be 
used for building, and even passes into a compact stone, or a 
Btone of which the separate parts are so minute as not to be 
distinguishable from each other by the naked eye. 

Many limestones are made up entirely of minute fragments of 
shells and coral, or of calcareous sand cemented together. 
These last might be called * calcareous sandstones ; ’ but that 
term is more properly applied to a rock in which the grains are 
partly calcareous and partly siliceous, or to quartzose sandstones, 
having a cement of carbonate of lime. 

The variety of limestone called oolite is composed of nume- 
rous small egg-like grains, resembling the roc of a fish, each of 
which has usually a small fragment of sand as a nucleus, 
around which concentric layers of calcareous matter have ac- 
cumulated. 

Any limestone which is sufficiently hard to take a fine polish 
is called marble. Many of these are fossiliferous ; but statuary 
marble, which is also called saccliaroid limestone, as having a 
texture resembling that of loaf-sugar, is devoid of fossils, and 
is in many cases a member of the metamorphic series. 

Siliceous limestone is an intimate mixture of carbonate of lime 
and flint, and is harder in proportion as the flinty matter pre- 
dominates. 

The presence of carbonate of lime in a rock may be ascertained 
by applying to the surface a small drop of diluted sulphuric, 
nitric, or muriatic acids, or strong vinegar ; for the lime, having 
a greater chemical affinity for any one of these acids than for 
the carbonic, unites immediately with them to form new com- 
pounds, thereby becoming a sulphate, nitrate, or muriate of lime. 
The carbonic acid, when thus liberated from its union with the 
lime, escapes in a gaseous form, and froths up or effervesces as 
it makes its way in small bubbles through the drop of liquid, 
This effervescence is brisk or feeble in proportion as the lime- 
stone is pure or impure, or, in other words, according to the 
quantity of foreign matter mixed with the carbonate of lime. 
Without the aid of this test, the most experienced eye cannot 
always detect the presence of carbonate of lime in rocks. 

The above mentioned three classes of rocks, the siliceous, 
argillaceous, and calcareous, pass continually into each other, 
and rarely occur in a perfectly separate and pure form. Thus 
it is an exception to the general rule to meet with a limestone 
as pure as ordinary white chalk, or with clay as aluminous as 
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that used in Cornwall for porcelain, or with sand so entirely 
composed of siliceous grains as the white sand of Alum Bay in 
the Isle of Wight, employed in the manufacture of glass, or 
sandstone so pure as the grit of Fontainebleau, used for pave- 
ment in France. More commonly we find sand and clay, or 
clay and marl, intermixed in the same mass. When the sand 
and clay are each in considerable quantity, the mixture is called 
loam. If there is much calcareous matter in clay it is called 
marl ; but this term has unfortunately been used so vaguely, as 
often to be very ambiguous. It has been applied, for example, 
to substances in which there is no lime ; as, to that red loam 
usually called red marl in certain parts of England. Agricul- 
turists were in the habit of calling any soil a marl, which, like 
true marl, fell to pieces readily on exposure to the air. Hence 
arose the confusion of using this name for soils which, consisting 
of loam, were easily worked by the plough, though devoid of 
lime. 

Marl slate bears the same relation to marl which shale bears 
to clay, being a calcareous shale. It is very abundant in some 
countries, as in the Swiss Alps. Argillaceous or marly limo- 
stone is also of common occurrence. 

There are few other kinds of rock which enter so largely into 
the composition of sedimentary strata as.. to make it necessary 
to dwell here on their characters. I may, however, mention 
two others, — magnesian limestone or dolomite, and gypsum. 
Magnesian limestone is composed of carbonate of lime and car- 
bonate of magnesia ; the proportion of the latter amounting in 
some cases to nearly one half. It effervesces much more slowly 
and feebly with acids than common limestone. In England 
this rock is generally of a yellowish colour ; but it varies greatly 
in mineralogical character, passing from an earthy state to a 
white compact stone of great hardness. Dolomite, so common 
in many parts of Germany and France, is also a variety of mag- 
nesian limestone, usually of a granular texture. 

Gypsum is a rock composed of sulphuric acid, lime, and 
water. It is usually a soft whitish-yellow rock, with a texture 
resembling that of loaf-sugar, but sometimes it is entirely com- 
posed of lenticular crystals. It is insoluble in acids, and does not 
effervesce like chalk and dolomite, because it does not contain 
carbonic acid gas, or fixed air, the lime being already combinod 
with sulphuric acid, for which it has a stronger affinity than for 
any other. Anhydrous gypsum is a rare variety, into which 
water does not enter as a component part. Gypseous marl is a 
mixture of gypsum and marl. Alabaster is a granular and 
compact variety of gypsum found in masses large enough to be 
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used in sculpture and architecture. It is sometimes a pure 
snow-white substance, as that of Volterra in Tuscany, well 
known as being carved for works of art in Florence and Leghorn. 
It is a softer stone than marble, and more easily wrought. 

Forms of stratification. — A series of strata sometimes con- 
sists of one of the above rocks, sometimes of two or more in 
alternating beds. 

Thus, in the coal districts of England, for example, we often 
pass through several beds of sandstone, some of finer, others of 
coarser grain, some white, others of a dark colour, and below 
these, layers of shale and sandstone or beds of shale, divisible 
into leaf-like laminro, and containing beautiful impressions of 
plants. Then again we meet with beds of pure and impure 
coal, alternating with shales and sandstones, and underneath 
the whole, perhaps, are calcareous strata, or beds of limestone, 
filled with corals and marine shells, each bed distinguishable 
from another by certain fossils, or by the abundance of par- 
ticular species of shells or zoophytes. 

This alternation of different kinds of rock produces the most 
distinct stratification ; and we often find beds of limestone and 
marl, conglomerate and sandstone, sand and clay, recurring 
again and again, in nearly regular order, throughout a series 
of many hundred strata. The causes which may produce these 
phenomena are various, and have been fully discussed in my 
treatise on the modern changes of the earth’s surface . 1 It is 
there seen that rivers flowing into lakes and seas are charged 
with sediment, varying in quantity, composition, colour, and 
grain according to the seasons ; the waters are sometimes flooded 
and rapid, at other periods low and feeble ; different tribu- 
taries, also, draining peculiar countries and soils, and therefore 
charged with peculiar sediment, arc swollen at distinct j)eriods. 
It was also shown that the waves of the sea and currents under- 
mine the cliffs during wintry storms, and sweep away the 
materials into the deep, after which a season of tranquillity 
succeeds, when nothing but the finest mud is spread by the 
movements of the ocean over the same submarine area. 

It is not the object of the present work to give a description 
of these operations, repeated as they are, year after year, and 
century after century ; but I may suggest an explanation of the 
manner in which some micaceous sandstones have originated, 
namely, those in which we sec innumerable thin layers of mica 
dividing layers of fine quartzose sand. I observed the same 
arrangement of materials in recent mud deposited in the ostuaify 

1 Consult Index to Principles of Geology, ‘ Stratification,’ ‘Currents,’ 
‘ Deltas,’ ‘Water,’ &c. 
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of La Roche St. Bernard in Brittany, at the mouth of the Loire. 
The surrounding rocks are of gneiss, which, by its waste, supplies 
the mud : when this dries at low water, it is found to consist 
of brown laminated clay, divided by thin seams of mica. The 
separation of the mica in this case, or in that of micaceous 
sandstones, may be thus understood. If wc take a handful of 
quartzose sand, mixed with mica, and throw it into a clear run- 
ning stream, we see the materials immediately sorted by the 
moving water, the grains of quartz falling almost directly to the 
bottom, while the plates of mica take a much longer time to 
sink through the water, and are carried farther down the 
stream. At the first instant the water is turbid, but almost 
immediately the flat surfaces of the plates of mica are seen all 
alone reflecting a silvery light, as they descend slowly, to form 
a distinct micaceous lamina. The mica is the heavier mineral 
of the two ; but it remains a longer time suspended in the fluid, 
owing to its greater extent of surface. It is easy, therefore, to 
perceive that where such mud is acted upon by a river or tidal 
current, the thin plates of mica will be carried farther, and not 
deposited in the same places as the grains of quartz ; and since 
the force and velocity of the stream varies from time to time, 
layers of mica or of sand will be thrown down successively on 
the same area. 

Original horizontality. — Tt is said generally that the upper 
and under surfaces of strata, or the ‘planes of stratification, * are 
parallel. Although this is not strictly true, they make an ap- 
proach to parallelism, for the same reason that sediment is 
usually deposited at first in nearly horizontal layers. Such an 
arrangement can by no means be attributed to an original even- 
ness or horizontality in the bed of the sea : for it is ascertained 
that in those places where no matter has been recently depo- 
sited, the bottom of the ocean is often as uneven as that of the 
dry land, having in like manner its hills, valleys, and ravines. 
Yet if the sea should go down, or be removed from near the 
mouth of a large river where a delta has been forming, we should 
see extensive plains of mud and sand laid dry, which, to the eye, 
would appear perfectly level, although, in reality, they would 
slope gently from the land towards the sea. 

This tendency in newly-formed strata to assume a horizontal 
position arises principally from the motion of the water, which 
forces along particles of sand or mud at the bottom, and causes 
them to settle in hollows or depressions where they are less ex- 
posed to the force of a current than when they arc resting on 
elevated points. The velocity of the current and the motion of 
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the superficial waves diminish from the surface downwards, and 
are least in those depressions where the water is deepest. 

A good illustration of the principle here alluded to may he 
sometimes seen in the neighbourhood of a volcano, when a sec- 
tion, whether natural or artificial, has laid open to view a suc- 
cession of various-coloured layers of sand and ashes, which have 
fallen in showers upon uneven ground. Thus let A B (fig. 1) 
be two ridges, with an intervening valley. These original in- 
equalities of the surface have been gradually effaced by beds of 
sand and ashes, c, d, e, the surface at c being quite ievcl. It 
will be seen that, although the materials of the first layers have 
accommodated themselves in a 
great degree to the shape of the 
ground A B, yet each bed is 
thickest at the bottom. At 
first a great many particles 
would be carried by their own gravity down the steep sides of 
A and B, and others would afterwards be blown by the wind as 
they fell off the ridges, and would settle in the hollow, which 
would thus becoijie more and more effaced as the strata accu- 
mulated from c to c. Now, water in motion can exert this 
levelling power on similar materials more easily than air, for 
almost all stones lose in water more than a third of the weight 
which they have in air, the specific gravity of rocks being in 
general as when compared to that of water, which is esti- 
mated at 1. But the buoyancy of sand or mud would be still 
greater in the sea, as the density of salt water exceeds that of 
fresh. 

Yet, however uniform and horizontal may be the surface of 
new deposits in general, there are still many disturbing causes, 
such as eddies in the water, and currents moving first in one 
and then in another direction, which frequently cause irregu- 
larities. We may sometimes follow a bed of limestone, shale, 


Fig. 2. 



Section of strata of sandstone, grit, and eonglorncmte. 


or sandstone, for a distance of many hundred yards continuously ; 
but we generally find at length that each individual stratum 
thins out, and allows the beds which were previously above and 
below it to meet. If the materials are coarse, as in grits and 
conglomerates, the same beds can rarely be traced many yards 
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without varying in size, and often rapidly thinning out and 
coming to an end. (See fig. 2.) 

Diagonal or cross stratification. — There is also another 
phenomenon of frequent occurrence. We find a series of larger 
strata, each of which is coniposecl of a number of minor layers 
placed obliquely to the general planes of stratification. To this 
diagonal arrangement the name of 4 false or cross bedding ’ has 
been given. Thus in the annexed section (fig. 3) we see seven 
or eight large beds of loose sand, yellow and brown, and the 
lines, a, b, c, mark some of the principal planes of stratification, 


Fig. 3. 



Section of sand at Sandy Hill, near Biggleswade, Bedfordshire. 
Height 20 ft. (Green sand formation.' 


which are noarly horizontal. But the greater part of the subor- 
dinate laminae do not conform to these planes, but have often a 
steep slope, the inclination being sometimes towards opposite 
points of the compass. When the sand is loose and incoherent, 
as in the case here represented, the deviation from parallelism 
of the slanting laminae cannot possibly be accounted for by any 
re-arrangement of the particles acquired during the consolidation 
of the rock. In what manner, then, can such irregularities be 
due to original deposition i We must suppose that at the bottom 
of the sea, as well as in the beds of rivers, the motions of waves, 
currents, and eddies often cause mud, sand, and gravel to be 
thrown down in heaps on particular spots instead of being 
spread out uniformly over a wide area. Sometimes, when 
banks are thus formed, currents may cut passages through 
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them, just as a river forms its bed. Suppose the bank A (fig. 4) 
to be thus formed with a steep sloping side, and the water being 
in a tranquil state, the layer of sediment No. 1 is thrown down 
upon it, conforming nearly to its surface. Afterwards the other 



layers, 2, 3, 4, maybe deposited in succession, so that the bank 
B C D is formed. If the current then increases in velocity, it 
may cut away the uj>per portion of this mass down to the dotted 
line <‘j and deposit the materials thus removed farther on, so as 
to form the layers 5, 0, 7, 8. We have now the bank BODE 
(fig. 5), of which the surface is almost levol, and on which the 
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nearly horizontal layers, 9, 10, 11, may then accumulate. It 
was shown in fig. 3 that the diagonal layers of successive strata 
may sometimes have an opposite slope. This is well seen in 
some cliffs of loose sand on the Suffolk coast. A portion of one 
of these is represented in fig. 6, where the layers, of which 
there are about six in Fig. c>. 

the thickness of an inch, 
are composed of quartzose 
grains. This arrangement 
may have been due to the 
altered direction of the 
tides and currents in the 
same place. 

The description above c lifl between Mismcr and Dumvich. 

given of the slanting position of the minor layers constituting a 
single stratum is in certain cases applicable on a much grander 
scale to masses several hundred feet thick, and many miles in 
extent. A fine exanqde may be seen at the base of the Mari- 
time Alps near Nice. The mountains here terminate abruptly 
in the sea, so that a depth of one hundred fathoms is often 
found within a stoned throw of the beach, and sometimes a 
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depth of 3,000 feet within half a mile. But at certain points , 
strata of sand, marl, or conglomerate, intervene between the 
shore and the mountains, as in the section (fig. 7), where a 
vast succession of slanting beds of gravel and sand may be 
traced from the sea to Monte Calvo, a distance of no less than 
9 miles in a straight line. The dip of these beds is remarkably 
uniform, being always southward or towards the Mediterranean, 
at an angle of about 25°. They are exposed to view in nearly 
vertical precipices, varying from 200 to GOO feet in height, which 
bound the valley through which the river Magnan flows. 


Monte Calvo. Fig. 7. 



Section from Monte Calvo to the sea by tlic valley of Magnan, near Nice. 

A. Dolomite and sandstone. (Green sand formation ?) 

a, Ik < l . Bods of gravel and snrnl, 

i\ Fine marl and sand of Ste. Madeleine, with marine (Pliocene) shells. 

Although, in a general view, the strata appear to be parallel 
and uniform, they are nevertheless found, when examined 
closely, to be wedge-shaped, and to thin out when followed for 
a few hundred feet or yards, so that we may suppose them to 
have been thrown down originally upon the side of a steep bank 
where a river or alpine torrent discharged itself into a deep and 
tranquil sea, and formed a delta, which advanced gradually 
from the base of Monte Calvo to a distance of 9 miles from the 
original shore. If subsequently this part of the Alps and bed 
of the sea were raised 700 feet, the delta may have emerged, a 
deep channel may then have been cut through it by the river, 
and the coast may at the same time have acquired its present 
configuration. 

It is well known that the torrents and streams, which now 
descend from the alpine declivities to the shore, bring down 
annually, when the snow melts, vast quantities of shingle and 
sand, and then, as they subside, fine mud, while in summer 
they are nearly or entirely dry ; so that it may be safely 
assumed, that deposits like those of the valley of the Magnan, 
consisting of coarse gravel alternating with fine sediment, are 
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still in progress at many points, as, for instance, at the mouth 
of the Yar. They must advance upon the Mediterranean in the 
form of great shoals terminating in a steep talus ; such being the 
original mode of accumulation of all coarse materials conveyed 
into deep water, especially where they are composed in great 
part of pebbles, which cannot be transported to indefinite dis- 
tances by currents of moderate velocity. By inattention to facts 
and inferences of this kind, a very exaggerated estimate has 
sometimes been made of the supposed depth of the ancient 
ocean. There can be no doubt, for example, that the strata a, 
fig. 7, or those nearest to Monte Calvo, are older than those 
indicated by b , and these again were formed before c ; but the 
vertical depth of gravel and sand in any one place cannot be 


rig. s. 



Slab of ripplc-markcd (New Red) sandstone from Cheshire. 

proved to amount oven to 1,000 feet, although it may perhaps 
be much greater, yet probably never exceeding at any point 
3,000 or 4,000 feet. But were we to assume that all the strata 
were once horizontal, and that their present dip) or inclination 
was due to subsequent movements, we should then be forced to 
conclude, that a sea several miles deep had been filled up with 
alternate layers of mud and pebbles thrown down one upon 
another. 

In the locality now under consideration, situated a few miles 
to the west of Nice, there are many geological data, the details 
of which cannot be given in this place, all leading to the opinion, 
that when the deposit of the Magnan was formed, the shape and 
outline of the alpine declivities and the shore greatly resembled 
what we now behold at many points in the neighbourhood. That 
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the beds, a, b, c, cl, arc of comparatively modern date is proved 
by this fact, that in seams of loamy marl intervening between the 
pebbly beds are fossil shells, half of which belong to species now 
living in the Mediterranean. 

Ripple mark. — The ripple mark, so common on the surface 
of sandstones of all ages (see fig. 8), and which is so often seen 
on the sea-shore at low tide, seems to originate in the drifting 
of materials along the bottom of the water, in a manner very 
similar to that wliich may explain the inclined layers above de- 
scribed. This ripple is not entirely confined to the beach be- 
tween high and low water mark, but is also produced on sands 
which are constantly covered by water. Similar undulating 
ridges and furrows may also bo sometimes seen on the surface 
of drift snow and blown sand. 

The ripple mark is usually an indication of a sea-beach, or of 
water from 0 to 10 feet deep, for the agitation caused by waves 
even during storms extends to a very slight depth. To this 
rule, however, there are some exceptions, and recent ripple 
marks have been observed at the depth of 60 or 70 feet. It has 
also been ascertained that currents or large bodies of water in 
motion may disturb mud and sand at the depth of 300 or even 
450 feet. 1 Beach ripple, however, may usually be distinguished 
from current ripple by frequent changes in its direction. In a 
slab of sandstone, not more than an inch thick, the furrows or 
ridges of an ancient ripple may often be seen in several suc- 
cessive laminae to run towards different points of the compass. 

1 Darwin, Yolc. Blands, p. 134. 
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CHAPTER III. 

ARRANGEMENT OF FOSSILS IN STRATA — FRESHWATER AND 
MARINE. 

Successive deposition indicated by fossils — Limestones formed of corals and 
shells — Proofs of gradual increase of strata derived from fossils — Serpula 
attached to spatangus — Wood bored by teredina — Tripoli formed of infu- 
soria — Chalk derived principally from organic bodies — Distinction of fresh- 
water from marine formations — Genera of freshwater and land shells — 
Rules for recognising marine icstacea — Gyrogonite and eliara — Freshwater 
fishes — Alternation of marine and freshwater deposits — l^ym-Fiord. 

Having in the last chapter considered the forms of stratification 
so far as they are determined by the arrangement of inorganic 
matter, we may now turn our attention to the manner in which 
organic remains are distributed through stratified deposits. We 
should often be unable to detect any signs of stratification or of 
successive deposition, if particular kinds of fossils did not occur 
here and there at certain depths of the mass. At one level, for 
example, univalve shells of some one or more species predomi- 
nate ; at another, bivalve shells ; and at a third, corals ; while 
in some formations we find layers of vegetable matter, commonly 
derived from land jdants, separating strata. 

It may appear inconceivable to a beginner how mountains, 
several thousand feet thick, can have become full of fossils from 
top to bottom ; but the difficulty is removed, when he reflects 
on the origin of stratification, as explained in the last chapter, 
and alloAvs sufficient time for the accumulation of sediment. He 
must never lose sight of the fact that, during the process of de- 
position, each separate layer was once the uppermost, and im- 
mediately in contact with the water in which aquatic animals 
lived. Each stratum in fact, however far it may now lie be- 
neath the surface, was once in the state of shingle, or loose sand 
or soft mud at the bottom of the sea, in which shells and other 
bodies easily became enveloped. 

Rate of deposition indicated toy fossils, — By attending to 
the nature of these remains, we are often enabled to determine 
whether the deposition was slow or rapid, whether it took place 
in a deep or shallow sea, near the shore or far from land, and 
whether the water was salt, brackish, or fresh. Some limestones 
consist almost exclusively of corals, and in many cases it is 
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evident that the present position of each fossil zoophyte has 
been determined by the manner in which it grew originally. 
The axis of the coral, for example, if its natural growth is erect, 
still remains at right angles to the plane of stratification. If the 
stratum be now horizontal, the round spherical heads of cer- 
tain species continue uppermost, and their points of attachment 
are directed downwards. This arrangement is sometimes re- 
peated throughout a great succession of strata. From what wo 
know of the growth of similar zoophytes in modern reefs, we 
infer that the rate of increase was extremely slow, and some of 

the fossils must have 
flourished for ages like 
forest trees, before they 
attained so large a size. 
During these ages, tho 
water must have been 
clear and transparent, for 
such corals cannot live in 
turbid water. 

In like manner, when 
wc see thousands of full- 
grown shells dispersed 
everywhere throughout a 
long series of strata, wc 
cannot doubt that time 
was required for the mul- 
tiplication of successive 
generations ; and the evi- 
dence of slow accumula- 
tion is rendered more 
striking from tho proofs, 
so often discovered, of 
fossil bodies having lain 
for a time on the floor of 
the ocean after death before they were imbedded in sediment. 
Nothing, for example, is more common than to sec fossil oysters 
in clay, with serpulse, or barnacles (acorn-shells), or corals, and 
other creatures attached to the inside of the valves, so that the 
mollusk was certainly not buried in argillaceous mud tho mo- 
ment it died. There must have been an interval during which it 
was still surrounded with clear water, when the creatures whose 
remains now adhere to it, grew from an embryonic to a mature 
state. Attached shells which are merely external, like some 
of the serpulse (a) in fig. 9, may often have grown upon an 
oyster or other shell while the animal within was still living ; 


Fig. 9. 



Fossil Giyphcca, covered l>oth«on the outside 
and inside with fossil serpuhe. 
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but if they are found on the inside, it could only happen after 
the death of the inhabitant of the shell which affords the 
support. Thus, in fig. 9, it will be seen that two serpuko 
have grown on the interior, one of them exactly on the place 
where the adductor muscle of the Gryphtm (a kind of oyster) 
was fixed. 

Some fossil shells, even if simply attached to the outside, of 
others, bear full testimony to the conclusion above alluded to, 
namely, that an interval elapsed between the death of the crea- 
ture to whose shell they adhere, and the burial of the same in 
mud or sand. The sea-urchins or Echini , so abundant in whito 
chalk, afford a good illustration. It is well known that these 
animals, when living, are invariably covered with spines sup- 
ported by rows of tubercles. These last are only seen after the 
death of the sea-urchin, when the spines have dropped off. In 


Fig. 10. 



Serpula attached to 
a fossil Mic raster 
from tho chalk. 


Fig. 11. 



Recent Spataugus with the spines 
removed from one side. 
l>. Spine and tubercles, nat. size 
a. Tho same magnified. 


fig. 11 a living species of Spatangus , common on our coast, 
is represented with one half of its shell stripped of the spines. 
In fig. 10 a fossil of a similar and allied genus from the white 
chalk of England shows the naked surface which the individuals 
of this, family exhibited when denuded of their bristles. The 
full-grown Serpula, therefore, which now ad- 
heres externally, could not have begun to 
grow till the Micraster had died, and the 
spines became detached. 

Now the series of events here attested by 
a single fossil may be carried a step farther. 

Thus, for example, we often meet with a sea- 
urchin (Ananchytes) in the chalk (see fig. 12), 
which has fixed to it the lower valVe of a 
Crania , a genus of bivalve mollusca. The 
upper valve (6, fig. 12), is almost invariably 
wanting, though occasionally found in a 
perfect state of preservation in white chalk at some distance. In 


Fig. 12. 
b a 



а. Ananchytes from the 

chalk with lower 
valve of Crania 
attached. 

б. Upper valve of Cra- 

nia detached. 
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this case, we see clearly that the sea-urchin first lived from 
youth to age , then died and lost its spines which were carried 
away. Then the young Omnia adhered to the bared shell, 
grew and perished in its turn ; after which the upper valve was 
separated from the lower beforo the AncincJiytes became en- 
veloped in chalky mud. 

It may be well to mention one more illustration of the man- 
ner in which single fossils may sometimes throw light on a for- 
mer state of things, both in the bed of the ocean and on some 
adjoining land. We meot with many fragments of wood bored 
by ship- worms, at various depths in the clay on which London 
is built. Entire branches and stems of trees, several feet in 
length, are sometimes found drilled all over by the holes of these 
borers, the tubes and shells of the mollusk still remaining in 

Fig. 13. 



Fossil and recent wood drilled by perforating Mollusoa. 

Fig, 13. «. Fossil wood from London clay, bored by Teredina. 

b. Shell and tube of Teredina personata, the right-hand figure the ventral, 

the left the dorsal Tiew. 1 

Fig. 14. e. Recent wood bored by Teredo . 

d. Shell und tube of Teredo uavalis, from the same. 

c. Anterior and posterior view of the Yalves of same detached from the tube. 


the cylindrical hollows. In fig. 14, e, a representation is given 
of a piece of recent wood pierced by the Teredo navalis, or com- 
mon ship-worm, which destroys wooden piles and ships. When 
the cylindrical tube d lias been extracted from the wood, the 
valves are seen at the larger or anterior extremity, as shown at 
c. In like manner, a piece of fossil wood (a, fig. 13) has been 
perforated by a kindred but distinct genus, the Teredina of 
Lamarck. The calcareous tube of this mollusk was united and 
as it were soldered on to the valves of the shell (6), which 
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therefore cannot be detached from the tubo, like the valves of 
the recent Tare do. The wood in this fossil specimen is now 
converted into a stony mass, a mixture of clay and lime ; but 
it must once have been buoyant and floating in the sea, when 
the Tarcdinm lived upon, and perforated it. Again, before the 
infant colony settled upon the drift wood, part of a tree must 
have been floated down to the sea by a river, uprooted, perhaps, 
by a flood, or torn off and cast into the waves by the wind : 
and thus our thoughts are carried back to a prior period, when 
the tree grew for years on dry land, enjoying a lit soil and 
climate. 

Strata of organic origin. — It has been already remarked 
that there are rocks in the interior of continents, at various 
depths in the earth, and at great heights above the sea, almost 
entirely made up of the remains of zoophytes and testacca. 
Such masses may be compared to modern oyster-beds and 
coral-reefs ; and, like them, the rate of increase must have 
been extremely gradual. But there are a variety of stone de- 
posits in the earth’s crust, now proved to have been derived 
from plants and animals of which the organic origin was not 
suspected until of late years, even by naturalists. Great sur- 
prise was therefore created some years since by the discovery of 
Professor Ehrenberg, of Berlin, that a certain kind of siliceous 
stone, called tripoli, was entirely composed of millions of the 
remains of organic beings, which were formerly referred to micro- 
scopic Infusoria, but which are now admitted to be plants. 
They abound in rivulets, lakes, and ponds in England and other 
countries, and are termed Diatomacem by those naturalists who 
believe in their vegetable origin. The subject alluded to has 
long been well known in the arts, under the name of Infusorial 
Earth or Mountain Meal, and is used in the form of powder for 
polishing stones and metals. It has been procured, among other 
places, from the mud of a lake at llolgelly in North Wales, and 
from Bilin, in Bohemia, in which latter place a single stratum, 


Tig. 15. Fig. 16. Fig. 17. 



& 

Gctillonella Gaillonella liacilhn-itt parado.va. 

' erruginea , Ehb. distant, Ehb. a. Front view. b. Side view. 

extending over a wide area, is no less than 14 feet thick. This 
stone, when examined with a powerful microscope, is found o 

c 2 
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consist of the siliceous plates of the above figured Diatomaceso, 
united together without any visible cement. It is difficult to 
convey an idea of their extreme minuteness ; but Ehrenberg 
estimates that in the Bilin tripoli thero are 41,000 millions of 
individuals of the GaiUunella distans (see fig. 1G) in every cubic 
inch (which weighs about 220 grains), or about 187 millions in 
a single grain. At every stroke, therefore, that we make with 
this polishing powder, several millions, perhaps tens of millions, 
of perfect fossils are crushed to atoms. 

A well-known substance, called bog-iron ore, often met with 
in peat-mosses, has been shown by Ehrenberg to consist of in- 
numerable articulated threads, of a yellow ochre colour, com- 
posed of silica, argillaceous matter, and peroxide of iron. These 
threads are the cases of a minute microscopic body, called GaUlo- 
nella fcrrugineci (fig. 15) associated with the siliceous plates of 
othor freshwater alg;e. Layers of this iron ore occurring in 
Scotch peat bogs are often called ‘the pan/ and are sometimes 
of economical value. 

It is clear that much time must have been required for the 
accumulation of strata to which countless generations of Diato- 
macefle have contributed their remains ; and these discoveries 
lead us naturally to suspect that other deposits, of which the 
materials have been supposed to be inorganic, may in reality be 
composed chiefly of microscopic organic bodies. That this is 
the case with the white chalk, has often been imagined, and is 
now proved to be the fact. It has, moreover, been lately dis- 
covered that the chambers into which these Foraminifera are 
divided are actually often filled with thousands of well-preserved 
organic bodies, which abound in every minute grain of chalk, 
and are especially apparent in the white coating of flints, often 
accompanied by innumerable needle-shaped spicuke of sponges 
(see Chap. XVII.). 

The dust we trend upon was once alive! — B yron. 

How faint an idea does this exclamation of the poet convey of 
the real wonders of nature ! for here we discover proofs that the 
calcareous and siliceous dust of which whole hills are composed 
has not only been once alive, but almost every particle, albeit 
invisible to the naked eye, still retains the organic structure 
which, at periods of time incalculably remote, was impressed 
upon it by the powers of life. 

Freshwater and marine fossils. — Strata, whether deposited 
in salt or fresh water, have the same forms ; but the imbedded 
fossils *are very different in the two cases, because the aquatic 
animals which frequent lakes and rivers are distinct from those 
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inhabiting the sea. In the northern part of the Isle of Wight 
formations of marl and limestone, more than 50 feet thick, occur, 
in which the shells are of extinct species. Yet we recognise 
their freshwater origin, because they are of the same genera as 
those now abounding in ponds, lakes, and rivers, either in our 
own country or in warmer latitudes. 

In many parts of France, in Auvorgno, for example, strata 
occur of limestone, marl, and sandstone hundreds of feet thick, 
which contain exclusively freshwater and land shells, together 
with the remains of terrestrial quadrupeds. The number of 
land shells scattered through some of these freshwater deposits 
is exceedingly great ; and there are districts in Germany where 
the rocks scarcely contain any other fossils except snail-shells 
( helices ) ; as, for instance, the limestone on the left bank of the 
Rhine, between Mayence and Worms, at Oppenheim, Findhcim, 
Budenheim, and other places. In order to account for this 
phenomenon, the geologist has only to examine the small deltas 
of torrents which enter the Swiss lakes when the waters are low, 
such as the newly-formed plain where the Kander enters the 
Lake of Thun. He there secs sand and mud Btrewn over with 
innumerable dead land shells, which have been brought down 
from the valleys in the Alps in the preceding spring, during the 
melting of the snows. Again, if wo search the sands on tho 
borders of the Rhine, in the lower part of its course, wo find 
countless land shells mixed with others of species belonging to 
lakes, stagnant pools, and marshes. These individuals havo 
beon washed away from the alluvial plains of the great river 
and its tributaries, some from mountainous regions, others from 
the low country. 

Although frosliwater formations are often of great thickness, 
yet they are usually very limited in area when compared to 
marine deposits, just as lakes and estuaries are of small dimen- 
sions in comparison with seas. 

Tho absence of many fossil forms usually met with in marine 
strata, affords a useful negative indication of the freshwater 
origin of a formation. For example, there are no sea-urchins, 
no corals, no chambered shells, such as the nautilus, nor micro- 
scopic Foraminifera in lacustrine or fiuviatile deposits. In dis- 
tinguishing the latter from formations accumulated in the sea, 
we are chiefly guided by the forms of the mollusca. In a fresh- 
water deposit, the number of individual shells is often as great 
as in a marine stratum, if not greater ; but there is a smaller 
variety of species and genera. This might be anticipated from 
the fact that the genera and species of recent freshwater and 
laud shells are few when contrasted with the marine. Thus, the 
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genera of true mollusca according to Woodward’s system, exclu- 
ding those altogether extinct and those without shells, amount 
Fig. 18. Fig. 10. 



Cyclas (tfpfta’riiwi) cornrus , Sow. ; Cyrcna ( Co rbieella) fluminal is , 

living and fossil. Moll. ; fossil. Grays, Essex, 

and living in the Kile. 

to 44<> iii number, of which the terrestrial and freshwater genera 
scarcely form more than a fifth. 1 


Fig. 20. Fig. 21. Fig. 22. 



Auorfonfa Cordirrii; AiioJonla lafimcnginata; Unto Vrft oralis; Lam.; 

IPOrb. Palis. recent, llaliia. recent. Auvergne. 


Almost all bivalve shells, or those of acephalous mollusca, 
are marine, about sixteen only out of 140 genera being fresh- 
rig. 23. water. Among these last, the four 



Crypluva incur m, Sow.; (G, 
arcuata, Lain.) upper valve. 
Lias. 

scallop, in which there is 


most common forms, both recent and 
fossil, are Cyclas (Sphwrhim), Cyrcna , 
Unio, and Anodonta (see figures) ; the 
two first and two last of which arc 
so nearly allied as to pass into each 
other; 

Lamarck divided the bivalve mol- 
lusca into the Dimyary, or those having 
two large muscular impressions in 
each valve, as a b in the Cyclas, 
fig. 18, and Unio, fig. 22, and the 
Monomyary , such as the oyster and 
only one of these impressions, as seen 


bee Woodward’s Manual of Mollusca, 1856. 
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in fig. 23. Now, as none of these last, or the unimuscular bi- 
valves, are freshwater, 1 we may at once presume a deposit con- 
taining any of them to be marine. 


Fig. 24. 



Planorbis cuomphalus , Sow. ; 
fossil. Isle of Wight. 


Fig. 25. 



Limnoca longiscata , 
Brong. ; fossil. 
Isle of Wight. 


Fig. 26. 



Paludina vivipata. 
Brand ; living 
and fossil. 


The univalve shells most characteristic of freshwater deposits 
are, Planorbis , Lianna a , and Paludina. (See figures.) But to 


Fig. 27; 



Succinca amphibia. 
Drap. (S. Putris, I . . ) ; 
fossil. Loess, Ithine. 


Fig. 28. 



A n nil h ft vvlhiia Cl, 

rhyan.0 , Sow. ; fo. sil, 
Isle of- Wight. 


Fig. 20. 



Valrafa piscina- 
/i>, Miill. ; fos- 
sil. tUays, Es* 
sex. 


Fig. 30. 



Phys a hup 
rum, Liim. ; 
recent. 1 sic 
of Wight. 


these arc occasionally added Physa, Succinca, Ancylus , Valvctta, 
Mclanopsis , Melania, Potamidcs, and Neritina (see figures), 
the four last being usually found in estuaries. 


Fig, 31. 



Auricula; recent. 
Ava. 


Fig. 32. 



Cerithium funa 'um, 
Forbes. Isle of 
Wight. 


Fig. 33. 



J'hmt alumna r is, 
l)csh. Paris basin. 


Fig. 31. 



Melanop&is buccbtoidra 
Furr. ; recent. Asia. 


1 The freshwater Mulleria, which, state, thus forming a single exception 
when young, has two muscular im- to the rule, 
pressions, has only one in the adult 
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Some naturalists include Neritina (fig. 35) and the marine 
Nerita (fig. 36) in the same genus, it being scarcely possible to 



Ai'ritina globulus, Del. 
Paris basin. 


Acnta granulosa 
Dealt. Paris 
basin. 


distinguish the two by good generic characters. 

But, as a general rule, the fluviatile species are 
b mailer, smoother, and more globular than the 
marine ; and they have never, like the Nerittv , the 
inner margin of the outer lip toothed or crenulated. ' 

(See fig. 36.) 

The Potamides inhabit the mouths of rivers in 
warm latitudes, and are distinguishable from the cinctu™ Sow. 

marine Cerithia by their orbicular and multispiral Paris basin - 
opercula. The genus Auricula (fig. 31) is amphibious, fre- 
quenting swamps and marshes within the influence of the 
tide. 



Helix Turonrnsis, Desh. ; 
Falun*, Toitruine. 


Cuclos/oma 
elegaus. 
Mull. ; 
.Loess. 


Cfausifm JJulimus l 
bit lens, MU 11. ; Loess, 

Dray. ; llliine. 

Loess. 


The terrestrial shells are all univalves. The most important 
genera among these, both in a recent and fossil state, are Helix 
Fig. 43. (fig. 38), Cyclodoma (fig. 39), Pupa (fig. 40), 
Clandlia (fig. 41), Bnlimus (fig. 42), Glaudina, 
and Achat-hut. 

Ampullar ia (fig. 43) is another genus of 
shells, inhabiting rivers and ponds in hot 
countries. Many fossil species formerly re- 
ferred to this genus, and which have been met 
with chiefly in marine formations, are now 
Ampullavia giauca, considered by concliologists to belong to Natica 
from the Jumna. all( | other marine genera. 

All univalve shells of land and freshwater species, with the 
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exception of Melanopsls (fig. 34), and Achatina , which has a 
slight indentation, have entire mouths ; and this circumstance 
may often serve as a convenient rule for distinguishing fresh- 
water from marine strata ; since, if any univalves occur of which 
the mouths are not entire, we may presume that the formation 
is marine. The aperture is said to be entire in such shells as 
the freshwater Ampullaria and the land shells (figs. 38-42), 
when its outline is not interrupted by an indentation or notch, 
such as 'that seen at b in Ancillaria (fig. 45); or is not pro- 
longed into a canal, as that seen at a in Pleurotoma (fig. 44). 


Fig. 44. Fig. 45. 



b 


Plcnrofoma c.rorfa , Brand. Ancillaria snbulala, Sow. 

1’pper and Middle Eocene. Barton clay. Eocene. 

Barton and Bracklosham. 

The mouths of a largo proportion of the marine univalves 
have these notches or canals, and almost all the species are 
carnivorous ; whereas nearly all testacea having entire mouths, 
are plant- caters ; whether the species bo marine, froshwater, or 
terrostrial. 

There is, liowevor, one gonus which affords an occasional ex- 
ception to one of the above rules. The Pot amides (fig. 37), 
a subgenus of Cerithium, although provided with a short canal, 
comprises some species which inhabit salt, others brackish, and 
others fresh water, and they are said to be all plant-eaters. 

Among the fossils very common in freshwater deposits are the 
shells of Cypris , a minute bivalve crustaceous animal. 1 Many 
minute living species of this genus swarm in lakes and stagnant 
pools in Great Britain ; but their shells are not, if considered 
separately, conclusive as to the freshwater origin of a deposit, 
because the majority of species in another kindred genus of the 
same order, the (Ujtherina of Lamarck, inhabit salt water ; and, 
although the animal differs slightly, the shell is scarcely dis- 
tinguishable from that of the Cypi'is. 

1 For figures of fossil species of Purbecl, see below, Cli. XIX. 
c 3 
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Freshwater fossil plants. — The seed-vessels and stems of 
Ohara , a genus of aquatic plants, are very frequent in fresh- 
water strata. These seed-vessels were called, before their true 
nature was known, gyrogonites, and were supposed to be fora- 
miniferous shells. (See tig. 4(i, a.) 

The Chant! inhabit the bottom of lakes and ponds, and flourish 
mostly where the water is charged with carbonate of lime. 



Cfiara mcdirafthnrJa ; fossil . Cham clast tea ; recent. Italy. 

Upper Eocene, Jslc of Wight. 

a. Sessile seed-vessel Ik •tween the divisions 

a. Seed-vessel magnified of the leaves of the female plant. 

'20 diameters. b. Magnilied transvt r ;e section of a branch, 

b. Stem, magnified. with five seed-vessels, seen from 

below upwards. 

Tlieir seed-vessels are covered with a very tough integument, 
capable of resisting decomposition ; to which circumstance we 
may attribute their abundance in a fossil state. The annexed 
figure (fig. 47) represents ;i branch of one of many new species 
found by Professor , Amici in the lakes of Northern Italy. The 
seed-vessel in this plant is more globular than in the British 
Ohara', and therefore more nearly resembles in form the extinct 
fossil species found in England, France, and other countries. 
The stems, as well as the seed-vessels, of these plants occur both 
in modern shell marl and in ancient freshwater formations. 
They arc generally composed of a large central tube surrounded 
by smaller ones ; the whole stem being divided at certain inter- 
vals by transverse partitions or joints. (See h , fig. 40.) 

It is not uncommon to meet with layers of vegetable matter, 
impressions of leaves, and branches of trees, in strata contain- 
ing freshwater shells ; and we also find occasionally the teeth 
and bones of land quadrupeds, of species now unknown. The 
manner in which such remains are occasionally carried by 
rivers into lakes, especially during floods, has been fully treated 
of in the ‘Principles of Geology . 9 

Freshwater and marine fish. — The. remains of fish are occa- 
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thickness resting on freshwater strata. When we find, as in the 
south-east of England (Chap. XVIII.) a great series of fresh- 
water beds, 3 ,000 feet thick, resting upon marine formations and 
again covered by other rocks, such as the cretaceous, more than 
1,000 feet thick, and of deep-sea origin, we shall find it neces- 
sary to seek for a different explanation of the phenomena. 
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CHAPTER IV. 

CONSOLIDATION OF STRATA AND PETRIFACTION OF FOSSILS. 

Chemical and mechanical deposits — Cementing together of particles — Hard- 
ening b}” exposure to air — Concretionary nodules — Consolidating effects of 
pressure — Mineralisation of organic remains — Impressions and casts, Iioav 
formed — ‘Fossil wood — ■ Copper t’s experiments — Precipitation of stony 
matter most rapid where putrefaction is going on — Sources of lime and 
silex in solution. 

Having spoken in the preceding chapters of the characters of 
sedimentary formations, both as dependent on the deposition 
of inorganic matter and the distribution of fossils, I may next 
treat of the consolidation of stratified rocks, and the petri- 
faction of imbedded organic remains. 

Chemical and mechanical deposits. — A distinction has 
been made by geologists between deposits of a mechanical, and 
those of a chemical, origin. By the name mechanical are desig- 
nated bods of mud, sand, or pobbles produced by the action of 
running water, also accumulations of stones and scorhe thrown 
out by a volcano, which have fallen into their present place by 
the force of gravitation. But the matter which forms a chemi- 
cal deposit lias not been mechanically suspended in water, but 
in a state of solution until separated by chemical action. In 
this manner carbonate of lime is occasionally precipitated upon 
the bottom of lakes in a solid form, as may be well seen in 
many parts of Italy, where mineral springs abound, and where 
the calcareous stone, called travertin, is deposited. In these 
springs the lime is usually held in solution by an excess of 
carbonic acid, or by heat if it be a hot spring, until the water, 
on issuing from the earth, cools or loses part of its acid. The 
calcareous matter then falls down in a solid state, encrusting 
shells, fragments of wood and leaves, and binding them to- 
gether. 

That similar travertin is formed at some points in the bed of 
the sea where calcareous springs issue cannot be doubted, but 
as a general rule the quantity of lime, according to BischofF, 
spread through the waters of the ocean is very small, the free 
carbonic acid gas in the same waters being five times as much 
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as is necessary to keep the lime in a fluid state. Carbonate of 
lime therefore can rarely be precipitated at the bottom of tho 
sea by chemical action alone, but must be produced by vital 
agency as in the case of coral reefs. 

In such reefs, large masses of limestone are formed by the 
stony skeletons of zoophytes ; and these, together with shells, 
become cemented together by carbonate of lime, part of which 
is probably furnished to the sea water by the decomposition of 
dead corals. Even shells of which the animals are still living 
on these reefs, are very commonly found to be encrusted over 
with a hard coating of limestone. 

If sand and pebbles are carried by a river into the sea, and 
these are bound together immediately by carbonate of lime, 
the deposit may be described as of a mixed origin, partly 
chemical, and partly mechanical. 

Now, the remarks already made in Chapter II. on tho 
original horizontality of strata are strictly applicable to me- 
chanical deposits, and only partially to those of a mixed nature. 
Such as are purely chemical may be formed on a very steep 
slope, or may even encrust the vertical walls of a fissure, and 
be of equal thickness throughout ; but such deposits arc of 
small extent , and for tlw most part confined to vein-stones. 

Consolidation of strata. — It is chiefly in the case of cal- 
careous rocks that solidification takes place at the time of de- 
position. But there are many deposits in which a cementing 
process comes into operation long afterwards. We may sonic- 
times observe, where the water of ferruginous or calcareous 
springs has flowed through a bed of sand or gravel, that iron 
or carbonate of lime has been dejmsited in the interstices be- 
tween the grains or pebbles, so that in certain places the whole 
has been bound together into a stone, the same set of strata 
remaining in other parts loose and incoherent. 

Proofs of a similar cementing action are seen in a rock at 
Kelloway in Wiltshire. A peculiar band of sandy strata be- 
longing to the group called Oolite by geologists, may be traced 
through several counties, the sand being for the most part 
loose and unconsolidated, but becoming stony near Kelloway. 
In this district there are numerous fossil shells which li;i ve 
decomposed, having for the most part left only their casts. 
The calcareous matter hence derived has evidently served, at 
some former period, as a cement to the siliceous grains of sand, 
and thus a solid sandstone has been produced. If we take 
fragments of many other argillaceous grits, retaining the casts 
of shells, and plunge them into dilute muriatic or other acid, 
we see them immediately changed into common sand and mud ; 
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the cement of lime, derived from the shells, having been dis- 
solved by the acid. 

Traces of impressions and oasts are often extremely faint. 
In some loose sands of recent date we meet with shells in so 
advanced a stage of decomposition as to crumble into powder 
when touched. It is clear that wator percolating such strata 
may soon remove the calcareous matter of the shell ; and unless 
circumstances cause the carbonate of lime to be again deposited, 
the grains of sand will not be cemented together ; in which 
case no memorial of the fossil will remain. 

In what manner silex and carbonate of limo may become 
widely diffused in small quantities through the waters which 
permeate the earth’s crust will be spoken of presently, when 
tho petrifaction of fossil bodies is considered ; but I may remark 
here that such waters are always passing in the case of thermal 
springs from hotter to colder parts of the interior of the earth ; 
and, as often as the temperature of the solvent is lowered 
mineral matter has a tendency to separate from it and solidify, 
Thus a stony cement is often supplied to sand, pebbles, or any 
fragmentary mixture. In some conglomerates, like the pudding- 
stone of Hertfordshire (a Lower Eocene deposit), pebbles of 
flint and grains of sand are united by a siliceous cement so 
firmly, that if a block be fractured the rent passes as readily 
through the pebbles as through the cement. 

It is probable that many strata became solid at the time when 
they emerged from the waters in which they were deposited, 
and when they first formed a part of the dry land. A well- 
known fact seems to confirm this idea : by far the greater num- 
ber of the stones used for building and road-making are much 
softer when first taken from the quarry than after they have 
been long exposed to the air ; and these, when once dried, may 
afterwards be immersed for any length of time in water without 
becoming soft again. Hence it is found desirable to shape the 
stones which are to be used in architecture while they are yet 
soft, and wet, and while they contain their ‘ quarry- water,’ as it 
is called ; also to break up stone intended for roads when soft, 
and then leave it to dry in the air for months that it may 
harden. Such induration may perhaps be accounted for by 
supposing the water, which penetrates the minutest pores of 
rocks, to deposit, on evaporation, carbonate of lime, iron, silex, 
and other minerals previously held in solution, and thereby to 
fill up the pores partially. These particles, on crystallising, 
would not only be themselves deprived of freedom of motion, 
but would also bind together other portions of the rock which 
before were loosely aggregated. On the same principle wet sand 
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and mud become as bard as stone when frozen ; because one 
ingredient of the mass, namely, the water, has crystallised, so 
as to hold firmly together all the separate particles of which the 
loose mud and sand were composed. 

Dr. MacCulloch mentions a sandstone in Skye, which may be 
moulded like dough when first found; and some simple minerals, 
which are rigid and as hard as glass in our cabinets, are often 
flexible and soft in their native beds ; this is the case with 
asbestos, sahlite, tremolite, and chalcedony, and it is reported 
also to happen in the case of the beryl. 1 

The marl recently deposited at the bottom of Lake Superior, 
in North America, is soft, and often filled with freshwater 
shells ; but if a piece be taken up and dried, it becomes so hard 
that it can only be broken by a smart blow of the hammer. If 
the lake therefore was drained, such a deposit would be found to 
consist of strata of marlstone, like that observed in many ancient 
European formations, and like them containing freshwater shells. 

Concretionary structure. — It is probable that some of the 
heterogeneous materials which rivers transport to the sea may 
at once set under water, like the artificial mixture called pozzo- 
lana, which consists of fine volcanic sand charged with about 
20 per cent, of oxide of iron, and the addition of a small quan- 
tity of lime. This substance hardens, and becomes a solid stone 
in water , and was used by the Homans in constructing the 
foundations of buildings in the sea. Consolidation in such 
cases is brought about by the action of chemical affinity on 
finely comminuted matter previously suspended in water. After 
deposition similar particles seem often to exert a mutual attrac- 
tion on each other, and congregate together in particular spots, 
forming lumps, nodules, and concretions. Thus in many argil- 
laceous deposits there are calcareous halls, or spherical concre- 
tions, ranged in layers parallel to the general stratification ; an 
arrangement which took place after the shale or marl had been 
thrown down in successive 1 ami me ; for these lamime are often 
traceable through the concretions, remaining parallel to those of 
the surrounding unconsolidated rock. (See fig. 48.) Such no- 
dules of limestone have often a 
shell or other foreign body in 
the centre. 

Among the most remarkable 
examples of concretionary struc- 
ture are those described by Pro- 
fessor Sedgwick as abounding 
in the magnesian limestone of the north of England. The 
1 Dr. MacCulloch, Sent of Cieol., vol. i. p. 123. 
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spherical balls are of various sizes, from that of a pea to a dia- 
meter of several feet, and they have both a concentric and 
radiated structure, while at the same time the lamina) of origi- 
nal deposition pass uninterruptedly through them. In some 
cliffs this limestone resembles a great irregular pile of cannon 
balls. Some of the globular masses have their centre in one 
stratum, while a portion of their exterior passes through to the 
stratum above or below. Thus the larger spheroid in the 
annexed section (fig. 49) passes from the stratum b upwards 
into a. In this instance we 
must suppose the deposition of 
a series of minor layers, first 
forming the stratum b, and after- 
wards the incumbent stratum a ; 
then a movement of the particles 
took place, and the carbonates teplicroiilal concretions in magnesian 
„ \ , limestone, 

of lime and magnesia separated 

from the more impure and mixed matter forming the still un- 
consolidatod parts of the stratum. Crystallisation, beginning 
at the centre, must have gone on forming concentric coats 
around the original nucleus without interfering with the lami- 
nated structure of the rock. 

When the particles of rocks have been thus re-arranged by 
chemical forces, it is sometimes difficult or impossible to ascer- 
tain whether certain lines of d*\ision are due to original depo- 
sition or to the subsequent aggregation of similar particles. 
Thus suppose three strata of grit, 

A , IB, C, are charged unequally 
with calcareous matter , and that 
IB is the most calcareous. If con- 
solidation takes place in B, the 
concretionary action may spread 
up wards into a part of A, where the carbonate of lime is more 
abundant than in the rest ; so that a mass, d, e, /, forming a 
portion of the superior stratum, becomes united with B into 
one solid mass of stone. The original line of division d, e y being 
thus effaced, the line d, /, would generally be considered as the 
surface of the bed B, though not strictly a true plane of strati- 
fication. 

Pressure and heat. — When sand and mud sink to the bottom 
of a deep sea, the particles are not pressed down by the 
enormous weight of the incumbent ocean ; for the water, which 
becomes mingled with tho sand and mud, resists pressure with 
a force equal to that of the column of fluid above. The same 
happens in regard to organic remains which are filled with water 
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under great pressure as they sink, otherwise they would be 
immediately crushed to pieces and flattened. Nevertheless, if 
the materials of a stratum remain in a yielding state, and do 
not set or solidify, they will bo gradually squeezed down by 
the weight of other materials successively heaped upon them, 
just as soft clay or loose sand on which a house is built may 
give way. By such downward pressure particles of clay, sand, 
and marl may become packed into a smaller space, and be made 
to cohere together permanently. 

Analogous effects of condensation may arise when the solid 
parts of the earth’s crust are forced in various directions by those 
mechanical movements hereafter to bo described, by which strata 
have been bent, broken, and raised above the level of the sea. 
Rocks of more yielding materials must often have been forced 
against others previously consolidated, and may thus by compres- 
sion have acquired a new structure. A recent discovery may help 
us to comprehend how fine sediment derived from the detritus 
of rocks may be solidified by mere pressure. The graphite or 
‘black lead’ of commerce having become very scarce, Mr. 
Brockedon contrived a method by which the dust of the purer 
portions of the mineral found in Borrow dale might be recom- 
posed into a mass as dense and compact as native graphite. 
The powder of graphite is first carefully prepared and freed from 
air, and placed under a powerful press oil a strong steel die, 
with air-tight fittings. It is then struck several blows, each of 
a power of 1,000 tons ; after which operation the powder is so 
perfectly solidified that it can be cut for pencils, and exhibits 
when broken the same texture as native graphite. 

But the action of heat at various depths in the earth is pro- 
bably the most powerful of all causes in hardening sedimentary 
strata. To this subject I shall refer again when treating of the 
metamorphic rocks, and of the slaty and jointed structure. 

Mineralisation of organic remains. — The changes which 
fossil organic bodies have undergone since they were first im- 
bedded in rocks, throw much light on the consolidation of strata. 
Fossil shells in some modern deposits have been scarcely altered 
in the course of centuries, having simply lost a part of their 
animal matter; But in other cases the shell has disappeared, 
and left an impression only of its exterior, or secondly, a cast of 
its interior form, or thirdly, a cast of the shell itself, the original 
matter of which has been removed. These different forms of 
fossilisation may easily be understood if we examine the mud 
recently thrown out from a pond or canal in which there arc 
shells. If the mud be argillaceous, it acquires consistency on 
drying, and on breaking open a portion of it we find that each 
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shell has left impressions of its external form. If we then 
remove the shell itself, we find within a solid nucleus of clay, 
having the form of the interior of the shell. This form is often 
very different from that of the outer shell. Thus a cast such as 
a, fig. 61, commonly called a fossil screw, would never be sus- 
pected by an inexperienced conchologist to be the internal shape 
of the fossil univalve, b } fig. 51. Nor should we have imagined 
at first sight that the shell a and the cast b, fig. 52, belong to 


Pig. 51. Fig. 52. 



Phasianella Ifahii n (jtouen sis, Pleurotomavia Anglica, 

anti cast of tbc fame. Coral Ilag. and cast. Lias. 


one and the same fossil. The reader will observe, in the last- 
mentioned figure (b, fig. 52), that an empty space shaded dark, 
which the shell itself once occupied, now intervenes between the 
enveloping stone and the cast of the smooth interior of the 
whorls. In such cases the shell has been dissolved and the com- 
ponent particles removed by water percolating the rock. If the 
nucleus were taken out, a hollow mould would remain, on which 
the external form of the shell with its tubercles and strioe, as seen 
in a, 'fig. 52, would be seen embossed. Now if the space alluded 
to between the nucleus and the impression, instead of being left 
empty, has been filled up with calcareous spar, flint, pyrites, or 
other mineral, we then obtain from the mould an exact cast both 
of the external and internal form of the original shell. In this 
manner silicified casts of shells have been formed ; and if the 
mud or sand of the nucleus happen to be incoherent, or soluble 
in acid, we can then procure in flint an empty shell, which in 
shape is the exact counterpart of the original. This cast may be 
compared to a bronze statue, representing merely the superficial 
form, and not the internal organisation j but there is another 
description of petrifaction by no means uncommon, and of a 
much more wonderful kind, which may be compared to certain 
anatomical models in wax, where not only the outward forms 
and features, but the nerves, blood-vessels, and other internal 
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organa are also shown. Thus we find corals, originally cal- 
careous, in which not only the general shape, but also the 
minute and complicated internal organisation is retained in 
flint. 

Such a process of petrifaction is still more remarkably ex- 
hibited in fossil wood, in which w r e often perceive not only the 
rings of annual growth, but all the minute vessels and medullary 
rays. Many of the minute cells, and fibres of plants, and even 
those spiral vessels which in the living vegetable can only be 
discovered by the microscope, are preserved. Among many 
instances, 1 may mention a fossil tree, seventy-two feet in 
length, found at Gosforth, near Newcastle, in sandstone strata 
associated with coal. By cutting a transverse slice so thin as to 
transmit light, and magnifying it about fifty-five times, the 
texture as seen in fig. 53 is exhibited. A texture equally minute 
and complicated has been observed in the 
wood of large trunks of fossil trees found 
in the Craigleth quarry near Edinburgh, 
where the stone was not in the slightest 
degree siliceous, but consisted chiefly of 
carbonate of lime, with oxide of iron, 
alumina, and carbon. The parallel rows 
of vessels here seen are the rings of 
Transverse section of a tree annual growth, but in one part they are 
magnified, Bhmvl^textme imperfectly preserved, the wood having 
of wood.* probably decayed before the mineralising 

matter had penetrated to that portion of the tree. 

In attempting to explain the process of petrifaction in such 
cases, w r e may first assume that strata are very generally per- 
meated by water charged with minute portions of calcareous, 
siliceous, and other earths in solution. In what manner they 
become so impregnated will be afterwards considered. If an 
organic substance is exposed in the open air to the action of the 
sun and rain, it will in time putrefy, or be dissolved into its 
component elements, consisting usually of oxygen, hydrogen, 
nitrogen, and carbon. These will readily be absorbed by the 
atmosphere or be washed away by rain, so that all vestiges of 
the dead animal or plant disappear. But if the same substances 
be submerged in water, they decompose more gradually ; and if 
buried in earth, still more slowly ; as in the familiar example of 
wooden piles or other buried timber. Now, if as fast as each 
particle is set free by putrefaction in a fluid or gaseous state, a 
particle equally minute of carbonate of lime, flint, or other 



i With a: ii, Fossil Vegetables, 1831. Plate IV. fig. 1. 
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mineral, is at hand ready to be precipitated, we may imagine this 
inorganic matter to take the place just before left unoccupied 
by the organic molecule. In this manner a cast of the inte- 
rior of certain vessels may first be taken, and afterwards the 
more solid walls of the same may decay and suffer a like trans- 
mutation. Yet when the whole is lapidified, it may not form 
one homogeneous mass of stone or metal. Some of the original 
ligneous, osseous, or other organic elements may remain mingled 
in certain parts, or the lapidifying substance itself may be differ- 
ently coloured at different times, or so crystallised as to reflect 
light differently, and thus the texture of the original body may 
be faithfully exhibited. 

The student may perhaps ask whether, on chemical principles, 
wo ha vo any ground to expect that mineral matter will be thrown 
down precisely in those spots where organic decomposition is in 
progress ? The following curious experiments may serve to illus- 
trate this point. Professor Goppert of Breslau, with a view of 
imitating the natural process of petrifaction, steej>ed a variety 
of animal and vegetable substances in waters, some holding 
siliceous, others calcareous, others metallic matter in solution. 
He found that in the period of a few weeks, or sometimes even 
days, the organic bodies thus immersed were mineralised to a 
certain extent. Thus, for example, tliin vertical slices of deal, 
taken from the Scotch fir (Finns sylvestrius ), were immersed in 
a moderately strong solution of sulphate of iron. When they 
had beon thoroughly soaked in the liquid for several days they 
were dried and exposed to a red-lieat until the vegetable matter 
was burnt up and nothing remained but an oxide of iron, which 
was found to have taken the form of the deal so exactly that 
casts even of the dotted vessels peculiar to this family of plants 
were distinctly visible under the microscope. 

The late Dr. Turner observes, that when mineral matter is in 
a ‘nascent state,’ that is to say, just liberated from a previous 
state of chemical combination, it is most ready to unite with 
other matter, and form a new chemical compound. Probably 
the particles or atoms just set free are of extreme minuteness, 
and therefore move more freely, and are more ready to obey any 
impulse of chemical affinity. Whatever be the cause, it clearly 
follows, as before stated, that where organic matter newly im- 
bedded in sediment is decomposing, there will chemical changes 
take place most actively. 

An analysis wras lately made of the water which was flowing 
off from the rich mud deposited by the Hooghly river in the 
Delta of the Ganges after the annual inundation. This water 
was found to bo highly charged with carbonic acid holding lime 
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in solution . 1 Now if newly-deposited mud is thus proved to he 
permeated by mineral matter in a state of solution, it is not 
difficult to perceive that decomposing organic bodies, naturally 
imbedded in sediment, may as readily become petrified as the 
substances artificially immersed by Professor Gbppert in various 
fluid mixtures. 

It is well known that the waters of all springs are more or 
less charged with earthy, alkaline, or metallic ingredients derived 
from the rocks and mineral veins through - which they percolate. 
Silex is especially abundant in hot springs, and carbonate of 
lime is almost always present in greater or less quantity. The 
materials for the petrification of organic remains are, therefore, 
usually at hand in a state of chemical solution wherever organic 
remains ^e imbedded in new strata. 

1 Piddington, Asiat. Research, vol. xviii. p. 22C. 
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CHAPTER V. 

ELEVATION OP STRATA ABOVE THE SEA — HORIZONTAL AND 
INCLINED STRATIFICATION. 

Why the position of marine strata, above the level of the sea, should be 
referred to the rising up of the land, not to the going down of the sea — 
Strata of deep-sea and shallow-water origin alternate — Also marine and 
freshwater beds and old land surfaces — Vertical, inclined, and folded strata 
- -Anticlinal and synclinal curves — Theories to explain lateral movements 
— Creeps in coal mines — Dip and strike — Structure of the Jura — Various 
forms of outcrop — Synclinal strata forming ridges — Connection of fracture 
and flexure of rocks — Inverted strata — Faults described — Superficial signs 
of the same obliterated by denudation — Great faults the result of repeated 
movements — Arrangement and direction of parallel folds of strata — Un- 
conformability — Overlapping strata . 

Land has been raised, not the sea lowered— It has been 
already stated that the aqueous rocks containing marine fossils 
extend over wide continental tracts, and are seen in mountain 
chains rising to great heights above the level of the sea (p. 5). 
Hence it follows, that what is now dry land was once under 
water. But if we admit this conclusion, we must imagine, 
either that there has been a general lowering of the waters of 
the ocean, or that the solid rocks, once covered by water, have 
been raised up bodily out of the sea, and have thus become dry 
land. The earlier geologists, finding themselves reduced to 
this alternative, embraced the former opinion, assuming that 
the ocean was originally universal, and had gradually sunk down 
to its actual level, so that the present islands and continents 
were left dry. It seemed to them far easier to conceive that 
the water had gone down, than that solid land had risen 
upwards into its present position. It was, however, im- 
possible to invent any satisfactory hypothesis to explain the 
disappearance of so enormous a body of water throughout the 
globe, it being necessary to infer that the ocean had once stood 
at whatever height marine shells might be detected. It more- 
over appeared clear, as the science of Geology advanced, that 
certain spaces on the globe had been alternately sea, then land, 
then estuary, then sea again, and, lastly, once more habitable 
land, having remained in each of these states for considerable 
periods. In order to account for such phenomena, without 
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admitting any movement of the land itself, we are required to 
imagine several retreats and returns of the ocean ; and even 
then our theory applies merely to cases where the marine strata 
composing the dry land are horizontal, leaving unexplained 
those more common instances where strata are inclined , curved, 
or placed on their edges, and evidently not in the position in 
which they were first deposited. 

Geologists, therefore, were at last compelled to have recourse 
to the doctrine that the solid land has been repeatedly moved 
upwards or downwards, so as permanently to change its position 
relatively to the sea. There are several distinct grounds for 
preferring this conclusion. First, it will account equally for the 
position of those elevated masses of marine origin in which the 
stratification remains horizontal, and for those in which the 
strata are disturbed, broken, inclined, or vertical. Secondly, it 
is consistent with human experience that land should rise 
gradually in some places and bo depressed in others. Such 
changes have actually occurred in our own days, and are now 
in progress, having been accompanied in some cases by violent 
convulsions, while in others they have proceeded so insensibly, 
as to have been ascertainable only by the most careful scientific 
observations, made at considerable intervals of time. On the 
other hand, there is no evidence from human experience of a 
rising or lowering of the sea’s level in any region, and the 
ocean cannot be raised or depressed in one place without its 
level being changed all over the globe. 

These preliminary remarks will prepare tho reader to under- 
stand the great theoretical interest attached to all facts con- 
nected with the position of strata, whether horizontal or in- 
clined, curved or vertical. 

Now the first and most simple appearance is where strata of 
marine origin occur above the level of the sea in horizontal 
position. Such are the strata which we meet with in the south 
of Sicily, filled with shells for the most part of the same species 
as those now living in the Mediterranean. Some of these rocks 
rise to the height of more than 2,000 feet above the sea. Other 
mountain masses might be mentioned, composed of horizontal 
strata of high antiquity, which contain fossil remains of animals 
wholly dissimilar from any now known to exist. In tho south 
of Sweden, for example, near Lake Wen or, the beds of some of 
the oldest fossiliferous deposits, called Silurian and Cambrian 
by geologists, occur in as level a position as if they had recently 
formed part of the delta of a great river, and been left dry on 
the retiring of the annual floods. Aqueous rocks of equal 
antiquity extend for hundreds of miles over the lake-district of 
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North America, and exhibit in like manner a stratification nearly 
undisturbed. The Table Mountain at the Cape of Good Hope 
is another example of highly elevated yet perfectly horizontal 
strata, no less than 3,500 feet in thickness, and consisting of 
sandstone of very ancient date. 

Instead of imagining that such fossiliferous rocks were always 
at their present level, and that the sea was once high enough 
to cover them, we suppose them to have constituted the ancient 
bed of the ocean, and to have been afterwards uplifted to their 
present height. This idea, however startling it may at first 
appear, is quite in accordance, as before stated, with the 
analogy of changes now going on in certain regions of the globe. 
Thus, in parts of Sweden, and the shores and islands of the 
Gulf of Bothnia, proofs have been obtained that the land is 
experiencing, and has experienced for centuries, a slow up- 
heaving movement. 1 

It appears, from the observations of Mr. Darwin and others, 
that very extensive regions of the continent of South America 
have been undergoing slow and gradual upheaval, by which the 
level pla ns of Patagonia, covered with recent marine shells, and 
the Pampas of Buenos Ayres, have been raised above the level 
of the sea. On the other hand, the gradual sinking of the 
west coast of Greenland, for the space of more than 000 miles 
from north to south, during the last four centuries, has been 
established by the observations of a Danish naturalist, Dr. 
Pingel. And while these proofs of continental elevation and 
subsidence, by slow and insensible movements, have been 
recently brought to light, the evidence has been daily strength- 
ened of continued changes of level effected by violent convul- 
sions in countries where earthquakes are frequent. There the 
rocks are rent from time to time, and heaved up or thrown 
down several feet at once, and disturbed in such a manner, as 
to show how entirely the original position of strata may bo 
modified in the course of centuries. 

Mr. Darwin has also inferred that, in those seas where circular 
coral islands and barrier reefs abound, there is a slow and 
continued sinking of the submarine mountains on which the 
masses of coral are based ; while there are other areas of the 
South Sea where the land is on the rise, and where coral of 
recent species has been upheaved far above the sea-level. 

Alternations of marine and freshwater strata. — It has been 
shown in the third chapter that there is such a difference be- 
tween land, freshwater, and marine fossils as to enable the geolo- 
gist to determine whether particular groups of strata were formed 

1 See * Principles of Geology,* 1867, p. 314. 
l> 
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at the bottom of the ocean or in estuaries, rivers, or lakes. If 
surprise was at first created by the discovery of marine corals 
and shells at the height of several miles above the sea-level, the 
imagination was afterwards not less startled by observing that 
in the successive strata composing the earth’s crust, especially if 
their total thickness amounted to thousands of feet, were com- 
prised in some parts formations of shallow-sea as well as of deep- 
sea origin ; also beds of brackish or even of purely freshwater 
formation, as well as vegetable matter or coal accumulated on 
ancient land. In these cases we as frequently find freshwater 
beds below a marine set or shallow water under those of deep- 
sea origin as the reverse. Thus if we bore an Artesian well 
below London, we pass through a marine clay, and there reach, at 
the depth of several hundred feet, a shallow water and fluvia- 
tile sand, beneath which comes the white chalk originally formed 
in a deep sea. Or if we bore vertically through the chalk of 
the North Downs we come, after traversing marine chalky strata, 
upon a freshwater formation many hundreds of feet thick called 
the Wealdon, such as is seen in Kent and Surrey, which is 
known in its turn to rest on purely marine beds. In like 
manner in various parts of Great Britain we sink vertical shafts 
through marine deposits of great thickness, and come upon 
coal, which was formed by the growth of plants on an ancient 
land-surface sometimes hundreds of square miles in extent. 

Vertical, inclined , and curved strata . — It has been stated 


that marine strata of different ages are sometimes found at a 
considerable height above the sea, yet retaining their original 
horizontality ; but this state of things is quite exceptional. 
As a general rule strata are inclined or bent in such a manner 
as to imply that their original position has been altered. 

The most unequivocal evidence of such a change is afforded 
by their standing up vertically showing their edges, which is by 
no means a rare phenomenon, especially in mountainous coun- 
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tries. Thus we find m Scotland, , 
on the southern skirts of the/ 
grampians. Jyeds of pudding-stonel 
alternating with thin layers of finel 
sand, all placed vertically to the 
horizon. When de Saussure first 
observed certain conglomerates in 
a similar position in the Swiss Alps, 
he remarked that the pebbles, 
being for the most part of an oval 


i had their longer axes parallel to the planes of stratifi- 


cation (see fig. 54). From this he inferred, that such strata 
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must, at first, have been horizontal, each oval pebble having 
settled at the bottom of the water, with its flatter side parallel 
to the horizon, for the same reason 

that an egg will not stand on either £ \/ / / / / ~J / 

end if unsupported. Some few, ^ , r / g 

indeed, of the rounded stones in a c 1 

conglomerate occasionally afford an £ w ® 

exception to the above rule, for \ .3 

the same reason that in a river’s ° \ * 

bed, or on a shingle beach, some £ v \ \ u \ * 

pebbles rest on their ends or edges ; J _ M \V \\ \ o 

these having been shoved against | < — j) m Jl , *3 

or between other stones by a wave 2 w III) / *§ 

or current so as to assume this posi- g, yj II Jl 

tion. ja 1 / / <JJ J g 

Anticlinal and synclinal curves. — v r /y i ^ 

Vertical strata, when they can be £ / ti 

traced continuously upwards or J? / « 

downwards for some depth, are al- .£ jff/ / / « 8 

most invariably seen to be parts of ^ /I/// > o*s 

great curves, which may have a dia- \ / / 11 

meter of a few yards, or of several / 1 ! / ! . 1“" 

miles. I shall first describe two g *g — yl I** c| 

curves of considerable regularity, ^ ^ 

which occur in Forfarshire, extend- 5 Xj m I * S £ o 

ing over a country twenty miles in * g .\/j / gT ~ 

breadth, from the foot of the Gram- ^ ' ( ( c* ^ gj 

juans to the sea near Arbroath. jg# / 1 g I ^ g 

The mass of strata here shown gj rfulll 5 -J ^ 

may be 2,000 feet in thickness, con- > ^\\\\\ £ g «i 

sisting of red and white sandstone, l\\\\ *" ^ 

and various coloured shales, the l\V\V ^ 

beds being distinguishable into four § VVvA * 

principal groups, namely, No. 1, ^ \ I 

red marl or shale; No. 2, red sand- S vV\ \ 'Jr 

stone, used for building ; No. 3, ” \ |j 

conglomerate ; and No. 4 , grey pav- i£\\ \ 4 ! 

ing-stone, and tile-stone with green ^ 1 v\S \ \ ^ 

and reddish shale, containing pecu- _ Vyy A \ ° 

liar organic remains. A glance at || mYu \ •§ 

the section will show that each of . g| x\\\vy J 

the formations 2, 3 , 4 , are repeated ” uM\\\\ 

thrice at the surface, twice with a 

southerly, and once with a northerly inclination or dip, and the 
beds in No. 1, which are nearly horizontal, are still brought up 
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twice by a Blight curvature to the surface, once on each side of 
A. Beginning at the north-west extremity, the tile-stones and 
conglomerates, No. 4 and No. 3, are vertical, and they gener- 
ally form a ridge parallel to the southern skirts of the Gram- 
pians. The superior strata, Nos. 2 and 1, become less and less 
inclined on descending to the valley of Strathmore, where the 
strata, having a concave bend, are said by geologists to lie in a 
* trough ’ or 4 basin. ’ Through the centre of this valley runs an 
imaginary line A, called technically a 4 synclinal line,’ where 
the beds, wliich are tilted in opposite directions, may be sup- 
posed to meet. It is most important for the observer to mark 
such lines, for he will perceive by the diagram, that in travel- 
ling from the north to the centre of the basin, he is always pass- 
ing from older to newer beds ; whereas, after crossing the line 
A, and pursuing his course in the same southerly direction, he 
is continually leaving the newer, and advancing upon older 
strata. All the deposits which he had before examined begin 
then to recur in reversed order, until he arrives at the central 
axis of the Sidlaw hills, where the strata are seen to form an 
arch or saddle, having an anticlinal line B, in the centre. On 
passing this line, and continuing towards the S. E. , the forma- 
tions 4, 3, and 2, are again repeated, in the same relative order 
of superposition, but with a southerly dip. At Whiteness (see 
diagram) it will be seen that the inclined strata are covered by 
a newer deposit, a, in horizontal beds. These are composed of 
red conglomerate and sand, and are newer than any of the 
groups, 1, 2, 3, 4, before described, and rest unconfo'rmably upon 
strata of the sandstone group, No. 2. 


Fig. 5(5. 



Curved strata of slate near St. Abb’s Head, Berwickshire. (Sir J. Hall.) 


An example of curved strata, in which the bends or convolu- 
tions of the rock are sharper and far more numerous within an 
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equal space, has been well described by Sir James Hall. 1 It 
occurs near St. Abb’s Head, on the east coast of Scotland, whero 
the rocks consist principally of a bluish slate, having frequently 
a ripple-marked surface. The undulations of the beds reach 
from the top to the bottom of cliffs from 200 to 300 feet in height, 
and there are sixteen distinct bendings in the course of about 
six miles, the curvatures being alternately concave and convex 
upwards. 

Folding by lateral movement. — An experiment was made 
by Sir James Hall, with a view of illustrating the manner in 
which such strata, assuming them to have been originally hori- 
zontal, may have been forced into their present position. A 
sot of layers of clay were placed under a weight, and their 
opposite ends pressed towards each other with such force as to 
cause them to approach more nearly together. On the removal 
of the weight, the layers of clay were found to be curved and 
folded, so as to bear a miniature resemblance to the strata in 
the cliffs. We must however, bear in mind, that in the natural 
section or sea-cliff we only sec the foldings imperfectly, one part 
being invisible beneath the sea, and the other, or upper portion, 
being supposed to have been carried away by denudation , or 
that action of water which will be explained in the next chapter. 
The dark lines in the accompanying plan (fig. 57) represent 


rig. 57. 



what is actually seen of the strata in the line of cliff alluded to ; 
the fainter lines denote that portion which is concealed beneath 
the sea-level, as also that which is supposed to have once existed 
above the present surface. 

We may still more easily illustrate the effects which a lateral 
thrust might produce on flexible strata, by placing several 


1 Edin. Trans, vol. vii. pi. 8. 
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pieces of differently coloured cloths upon a table, and when 
they are spread out horizontally, cover them with a book. 
Then apply other books to each end, and force them towards 


Fiff. 58. 



each other. The folding of the cloths (see fig. 58) will imitate 
those of the bent strata ; the incumbent book being slightly 
lifted up, and no longer touching the two volumes on which 
it rested before, because it is supported by the tops of the 
anticlinal ridges formed by the curved cloths. In like manner 
there can bo no doubt that the squeezed strata, although later- 
ally condensed and more closely packed, are yet elongated 
and made to rise upwards, in a direction perpendicular to the 
pressure. 

Whother the analogous flexures in stratified rocks have really 
been due to similar sideway movements is a question which we 
cannot decide by reference to our own observation. Our in- 
ability to explain the nature of the process is, perhaps, not 
simply owing to the inaccessibility of the subterranean regions 
where the mechanical force is exerted, but to the extreme slow- 
ness of the movement. The changes may sometimes be duq to 
variation in the temperature of mountain masses of rock, causing 
them, while still solid, to expand or contract ; or melting them 
and then again cooling them and allowing them to crystallise. 
If such be the case, we have scarcely more reason to expect to 
witness the operation of the process within the limited periods 
of our scientific observation than to see the swelling of the roots 
of a tree, by which, in the course of years, a wall of solid 
masonry may be lifted up, rent, or thrown down. In both 
instances the force may be irresistible, but though adequate, it 
need not bo visible by us, provided the time required for its 
development be very great. The lateral pressure arising from 
the unequal expansion of rocks by heat, may cause one mass 
lying in the same horizontal plane gradually to occupy a larger 
space so as to press upon another rock, which, if flexible, may be 
squeezed into a bent and folded form. It will also appear, 
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when the volcanic and granitic rocks arc described, that some of 
them have, when melted in the interior of the earth’s crust, 
been injected forcibly into fissures, and after the solidification 
of such intruded matter, other sets of rents, crossing the first, 
have been formed and in their turn filled by melted rock. Such 
repeated injections imply a stre telling, and often upheaval, of 
the whole mass. 

We also know, especially by the study of regions liable to 
earthquakes, that there are causes at work in the interior of the 
earth capable of producing a sinking in of the ground, some- 
times very local, but often extending over a wide area. The 
continuance of such a downward movement, especially if partial 
and confined to linear areas, may produce regular folds in the 
strata. 

Creeps in coal mines. — The * Creeps,’ as they are called in 
coal mines, afford an excellent illustration of this fact. — First, 
it may be stated generally, that the excavation of coal at a 
considerable depth causes the mass of overlying strata to sink 
down bodily, even when props are left to support the roof of 
the mine. ‘ In Yorkshire,’ says Mr. Buddie, £ three distinct 
subsidences were perceptible at the surface, after the clearing 
out of throe seams of coal below, and innumerable vertical 
cracks were caused in the incumbent mass of sandstone .and 
shale which thus settled down. ’ 1 The exact amount of de- 
pression in these cases can only be accurately measured where 
water accumulates on the surface, or a railway traverses a 
coal-field. 

When a bed of coal is worked out, pillars or rectangular 
masses of coal are left at intervals as props to support the roof, and 
protect the colliers. Thus, in fig. 59 p. 56, representing a section 
at Wallsend, Newcastle, the galleries which have been excavated 
arc represented by the white spaces a b, while the adjoining 
dark portions are parts of the original coal seam left as props, 
beds of sandy clay or shale constituting the floor of the mine. 
When the props have been reduced in size, they arc pressed 
down by the weight of overlying rocks (no less than 630 feet 
thick) upon the shale below, which is thereby squeezed and 
forced up into the open spaces. 

Now it might have been expected, that instead of the floor 
rising up, the ceiling would sink down, and this effect, called a 
4 Thrust, * does, in fact, take place where the pavement is more 
solid than the roof. But it usually happens, in coal mines, that 
the roof is composed of hard shale, or occasionally of sandstone, 
more unyielding than the foundation, which often consists of 
1 Proceedings of (icol. £oc. vol. iii. p. 1 IS. 
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clay. Even where the argillaceous substrata are hard at first, 
they soon become softened and reduced to a plastic state 
when exposed to the contact of air and water in the floor of a 
mine. 

The first symptom of a s creep,’ says Mr. Buddie, is a slight 
curvature at the bottom of each gallery, as at a, fig. 59 : then 
the pavement continuing to rise, begins to open with a longi- 


Fig. 69. 



►Section of carboniferous strata at Wullsond, Newcastle, showing ‘Creeps.’ 

(J. Buddie, Esq.) 

Horizontal length of section, 174 feet. The upper Beam, or main coal, here worked 
out, was G30 feet below the surface. 

1. Main coal, G feet 6 inches. 2. Metal coal, 3 feet. 

tudinal crack, as at b ; then the points of the fractured ridge 
reach the roof, as at c ; and, lastly, the upraised beds close up 
the whole gallery, and tlie broken portions of the ridge are re- 
united and flattened at the top, in the manner shown at d. 
Meanwhile the coal in the props has become crushed and 
cracked by pressure. It is also found that below the creeps 
a , />, c, d, an inferior stratum, called the 4 metal coal,’ which is 
3 feet thick, has been fractured at the points c, /, g , h f and has 
risen, so as to prove that the upward movement, caused by the 
working out of the 4 main coal, ’ has been propagated through a 
thickness of 54 feet of argillaceous beds, which intervene 
between the two coal seams. This same displacement has also 
been traced downwards more than 150 feet below the metal 
coal, but it grows continually less and less until it becomes 
imperceptible. 

No part of the process above described is more deserving of 
our notice than the slowness with which the change in the 
arrangement of the beds is brought about. Days, months, or 
even years, will sometimes elapse between the first bending of 
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the pavement and the time of its reaching the roof. Where the 
movement has been most rapid, the curvature of the beds is 
most regular, and the reunion of the fractured ends most 
complete ; whereas the signs of displacement or violence are 
greatest in those creeps which have required months or years 
for their entire accomplislnnent. Hence wo may conclude 
that similar changes may have been wrought on a larger scale 
in the earth’s crust by partial and gradual subsidences, espe- 
cially where the ground has been undermined throughout long 
periods of time ; and we must be on our guard against inferring 
sudden violence, simply because the distortion of tho beds is 
excessive. 

Engineers are familiar with the fact that when they raise the 
level of a railway by heaping stone or gravel on a foundation of 
marsh, quicksand, or other yielding formation, the new mound 
often sinks for a time as fast as they attempt to elevate it ; 
when they have persevered so as to overcome this difficulty, 
they frequently find that .some of the adjoining flexible ground 
has risen up in one or more parallel arches or folds, showing 
that the vertical pressure of the sinking materials has given rise 
to a lateral folding movement. 

In like manner, in the interior of the earth, the solid parts of 
the earth’s crust may sometimes, as before mentioned, be made 
to expand by heat, or may bo pressed by the force of steam 
against flexible strata loaded with a great weight of incumbent 
rocks. In this case the yielding mass, squeezed, but unable to 
overcome tho resistance which it meets with in a vertical direc- 
tion, may bo gradually relieved by lateral folding. 

Dip and strike. — In describing the manner in which strata 
depart from their original liorizontality, some technical terms, 


such as ‘ dip ’ and 4 strike,’ ‘ anticlinal’ and ‘ synclinal ’ line or 
axis, are used by geologists. I shall now proceed to explain 
some of these to the student. If a stratum or bed of rock, 
instead of being quite level, be inclined to one side, it is said to 
dip ; the point of the compass to which it is inclined is called 
the point of dip , and the degree of deviation from a level or 
horizontal line is called the 

amount of dip , or the angle a x 

of dip. Thus, in the an- 
nexed diagram (fig. GO), a 
series of Btrata are inclined, 
and they dip to the north 
at an angle of forty-five 
degrees. The strike, or line of bearing , is tho prolongation or 
extension of the strata in a direction at right angles to the dip ; 
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and hence it is sometimes called the direction of the strata. 
Thus, in the above instance of strata dipping to the north, their 
strike must necessarily be east and west. We have borrowed 
the word from the German geologists, strcichen signifying to 
, extend, to have a certain direction. Dip and strike may be 
I aptly illustrated by a row of houses running east and west, the 
/ long ridge of the roof representing the strike of the stratum of 
I slates, which dip on one side to the north, and on the other to 
! the south. 

A stratum which is horizontal, or quite level in all directions, 
has neither dip nor strike. 

It is always important for the geologist, who is endeavouring 
to comprehend the structure of a country, to learn how the beds 
dip in every part of the district ; but it requires some practice 
to avoid being occasionally deceived, both as to the point of dip 
and the amount of it. 

If the upper surface of a hard stony stratum be uncovered, 
whether artificially in a quarry, or by the waves at the foot of 
a cliff, it is easy to determine towards what point of the compass 
the sloi>e is steepest, or in what direction water would flow, if 
poured upon it. This is the true dip. But the edges of highly 
inclined strata may give rise to perfectly horizontal lines in the 
face of a vertical cliff, if the observer sec the strata in the lino 
of their strike, the dip being inwards from the face of the cliff. 
If, however, we come to a break in the cliff', which exhibits a 
section exactly at right angles to the line of the strike, we are 
then able to ascertain the true dip. In the annexed drawing 

Fij. Cl. 



Apparent horizontally of inclined strata. 


(fig. Gl), we may suppose a headland, one side of which faces to 
the north, where the beds would appear perfectly horizontal to 
a person in the boat ; while on the other side facing the 
west, the true dip would be seen by the person on shore to 
be at an angle of 40°. If, therefore, our observations are 
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confined to a vertical precipice facing in one direction, wo 
must endeavour to find a ledge or portion of the plane of one 
of the beds projecting beyond the others, in order to ascertain 
the true dip. 

If not provided with a clinometer, a most useful instrument 
when it is of consequence to determine with precision the in- 
clination of the strata, the observer 
may measure the angle within a 
few degrees by standing exactly 
opposite to a cliff where the true 
dip is exhibited, holding the hands 
immediately before the eyes, and 
placing the fingers of one in a per- 
pendicular and of the other in a 
horizontal position, as in fig. (>2. 

It is thus easy to discover whether 
the lines of the inclined beds bisect 
the angle of 00°, formed by the 
meeting of the hands, so as to give 
an angle of 45°, or whether it would divide the space into 
two equal or unequal portions. You have only to change 
hands to get the dip indicated by the lower dotted line on the 
upper side of the horizontal hand. 

It has been already seen, pp. 52, 53, in describing the curved 
strata on the east coast of Scotland, in Forfarshire and Berwick- 
shire, that a series of concave and convex bendings are occa- 
sionally repeated several times. These usually form part of a 
series of parallel waves of strata, which are prolonged in the 



Fig. G3. 



Section illustrating tlic structure of tlie Swiss Jura. 

same direction, throughout a considerable extent of country. 
Thus, for example, in the Swiss Jura, that lofty chain of moun- 
tains has been proved to consist of many parallel ridges, with 
intervening longitudinal valleys, as in fig. G3, the ridges being 
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formed by curyod fossiliferous strata, of which the nature and 
dip are occasionally displayed in deep transverse gorges, called 
cliises,’ caused by fractures at right angles to the direction of 
the chain. 1 * Now let us suppose these ridges and parallel 
valleys to run north and south, we should then say that the 
strike of the beds is north and south, and the dip east and west. 
Lines drawn along the summits of the ridges A, B, would be 
anticlinal lines, and one following the bottom of the adjoining 
valleys a synclinal line. 

Outcrop of strata. — It will be observed that some of these 
ridges, A, B (fig. G3), are unbroken on the summit, whereas one 

of them, 0, has been 
fractured along the line 
of strike, and a portion 
of it carried away by 
denudation, so that the 
ridges of the beds in the 
formations h, c, come 
out to the day, or, as 
the miners say, crop out, 
on the sides of a valley. 
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(..round i»liin of the: dumdrd ridge C, iig. (id. 


The ground plan of such a denuded ridge as C, as given in a 
geological map, may be expressed by the diagram fig. 04, and 
the cross section of the same by fig. 05. The line D E, fig. 04, 
is the anticlinal line, on each side of which the dip is in 
opposite directions, as expressed by the arrows. The emer- 
gence of strata at the surface is called by miners tlieir outcrop 
or basset. 


If, instead of being folded into parallel ridges, the beds form 
a boss or dome-shaped protuberance, and if we suppose the 
summit of the dome carried off, the ground plan would exhibit 
the elges of the strata forming a succession of circles, or ellipses, 
round a common centre. These circles are the lines of strike, 
and the dip being always at right angles is inclined in the 
course of the circuit to every point- of the compass, constituting 
what is termed a qua- qua v ers al dip — that is, turning every 
way. 

There are endless variations in the figures described by the 
basset-edges of tire strata, according to the different inclination 
of the beds, and the mode in which they happen to have been 
denuded. One of the simplest rules, with which every geologist 
should be acquainted, relates to the Y-like form of the beds as 
they crop out in an ordinary valley. First, if the strata be 


1 Thurmnnn, 4 Essni sur hs Soulevcniens Jurnssiqucs (li\ Forrcntruy, 

Paris, lb 
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horizontal, the V-like form will be also on a level, and the 
newest strata will appear at the greatest heights. 


Secondly, if the 
beds be inclined 
and intersected by 
a valley sloping in 
the same direction, 
and the dip of the 
beds be less steep 
than the slope of 
the valley, then the 
Y’s, as they are 
often termed by 
miners, will point 
upwards (see fig. 
66), those formed 
by the newer beds 
appearing in a su- 
I>orior position, and 
extending highest 
up the valley, as A 
is seen above B. 

Thirdly, if the 
dip of the beds be 
steeper than the 
slope of the valley, 
then the V’s will 
point downwards 
(see fig. 67), and 
those formed of the 


Fig. 66. 



Slope of valley 40° dip of strata 20°. 
Fig. G7. 



Slope of valley 20°, dip of strata 50°. 


older beds will now 
appear uppermost, 
as B appears above 
A. 

Fourthly, in 
every case where 
the strata dip in a 
contrary direction 
to the slope of the 
valley, whatever be 
the angle of incli- 
nation, the newer 
beds will appear the 
highest, as in the 


Fig. 08. 



Slope of vnlley 20°, dip of strata 20°, in opposite directions. 


first and second cases. This is shown by the drawing (fig. 68), 
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which exhibits strata rising at an angle of 20°, and crossed by a 
valley, which declines in an opposite direction at 20°. 

These rules may often be of great practical utility ; for the 
different degrees of dip occurring in the two cases represented 
in figures 66 and 67 may occasionally be encountered in follow- 
ing the same line of flexure at points a few miles distant from 
each other. A miner unacquainted with the rule, who had first 
explored the valley (fig. 66), may have sunk a vertical shaft 
below the coal seam A, until he reached the inferior bed B. 
He might then pass to the valley fig. 67, and discovering there 
also the outcrop of two coal seams, might begin his workings in 
the uppermost in the expectation of coming down to the other 
bed A, which would bo observed cropping out lower down the 
valley. But a glance at the section will demonstrate the futility 
of such hopes. 1 

Synclinal strata forming ridges. — Although in many cases 
an anticlinal axis forms a ridge, and a synclinal axis a valley, as 
in A B, fig. 63, p. 59, yet this can by no means be laid down as 
a general rule, as the bods very often slope inwards from either 


Fig. CO. 

Synclinal. Anticlinal. Synclinal. 



Grits and shales. Mountain limestone. Grits and shales. 


Section of carboniferous rocks of Lancashire. (E. Hull. 8 ) 

side of a mountain, as at a, b, fig. 69, while in the intervening 
valley c they slope upwards, forming an arch. 

It would be natural to expect the fracture of solid rocks to 
take place chiefly where the bending of the strata has been 
sharpest, and such rending may produce ravines, giving access 
to running water and exposing the surface to atmospheric waste. 
The entire absence, however, of such cracks at points where the 
strain must have been greatest, as at a , fig. 63, is often very re- 
markable and not always easy of explanation. We must 
imagine that many strata of limestone, chert, and other rocks 

1 I am indebted to the kindness of different ways, lie would at once 
T. Sop with, Esq., for three models comprehend their meaning as well as 
which I have copied in the above the import of others far more corn- 
diagrams; but the beginner may plicated, which the same engineer 
find it by no means easy to under- lias constructed to illustratc/aw/fa. 
stand such copies, although, if he 2 Edward Hull, Quart. Gcol. 
were to examine and handle the Journ. vol. xxiv. p. 324. 1368. 

originals, turning them about in 
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which are now brittle, were pliant when bent into their present 
position. They have owed their flexibility in part to the 
fluid matter which they contained in their minute pores, as be- 
fore described (p. 39), and in part to the permeation of sea- 
water, while they were yet submerged. 

At the western extremity of the Pyrenees, great curvatures 
of the strata are seen in the sea-cliffs, where the rocks consist of 
marl, grit, and chert. At certain points, as at a, fig. 70, some 


Fig. 70. 



Strata of chert, grit, and marl, near St. Jean dc Luz. 


of the bendings of the flinty chert are so sharp, that specimens 
might be broken off, well fitted to serve as ridge-tiles on the 
roof of a house. Although this chert could not have been 
brittle as now, when first folded into this shape, it presents, 
nevertheless, here and there at the points of greatest flexure 
small cracks, which show that it was solid, and not wholly in- 
capable of breaking at the period of its displacement. The 
numerous rents alluded to are not empty, but filled wfith calce- 
dony and quartz. 

Between San Catcrina and Castrogiovanni, in Sicily, bent and 
undulating gypseous marls occur, with here and there thin beds 
of solid gypsum interstratified. 

Sometimes these solid layers have 
been broken '.into detached frag- 
ments, still preserving their sharp 
edges ( g g, fig. 71), while the con- m 
tinuity of the more pliable and 
ductile marls, m m, has not been 
interrupted. h 

We have already explained, fig. 9 
G9, that stratified rocks have usu- 
ally their strata bent into parallel folds forming anticlinal and 
synclinal axes, a group of several of these folds having often 
been subjected to a common movement, and having acquired a 
uniform strike or direction. In some disturbed regions these 
folds have been doubled back upon themselves in such a manner 
that it is often difficult for an experienced geologist to determine 
correctly the relative age of the beds by superposition. Thus 
if we meet with the strata seen in the section, fig. 72, we should 


Fig. 71. 
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naturally suppose that there were twelve distinct beds, or sets 
of beds, No. 1 being the newest, and No. *12 the oldest of the 
series. But this section may perhaps exhibit merely six beds, 

which have been folded in the 
manner seen in fig. 73, so that 
each of them is twice repeated, 
the position of one half being 
reversed, and part of No. 3, 
originally the uppermost, having now become the lowest of the 
series. 

These phenomena are observable on a magnificent scale in 
certain regions in Switzerland, in precipices often more than 

Fig. 73. 



2,000 feet in perpendicular height, and there are flexures not 
inferior in dimensions in the Pyrenees. The upper part of the 
curves seen in this diagram, fig. 73, and expressed in fainter 
lines, has been removed by what is called denudation, to be 
afterwards explained. 

Fractures of the strata and faults. — Numerous rents may 
often be seen in rocks which appear to have been simply broken, 
the fractured parts still remaining in contact ; but we often find 
a fissure, several inches or yards wide, intervening between the 
disunited portions. These fissures are usually filled with fine 
earth and sand, or with angular fragments of stone, evidently 
derived from the fracture of the contiguous rocks. 

The face of each wall of the fissure is often beautifully 
polished, as if glazed, striated, or scored with parallel furrows 
and ridges, such as would be produced by the continued rubbing 
together of surfaces of unequal hardness. These polished sur- 
faces are called by miners ‘ slickensidesd It is supposed that 
the lines of the striae indicate the direction in which the rocks 
were moved. During one of the minor earthquakes in Chili, 
in 1840, the brick walls of a building were rent vertically in 
several places, and made to vibrate for several minutes during 
each shock, after which they remained uninjured, and without 
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any opening, although the line of each crack was still visible. 
When all movement had ceased, there were seen on the floor of 
the house, at the bottom of each rent, small heaps of fine brick- 
dust, evidently produced by trituration. 

It is not uncommon to find the mass of rock, on one side of a 
fissure, thrown up above or down below the mass with which it 
was once in contact on the other side. 1 This mode of displace- 
ment is called a fault, shift, slip, or throw.’ ‘ The miner,’ says 
Playfair, describing a fault, ‘ is often perplexed, in his subterra- 
neous journey, by a derangement in the strata, which changes 
at once all those lines and bearings which had hitherto directed 
his course. When his mine reaches a certain plane, which is 
sometimes perpendicular, as in A B, fig. 74, sometimes oblique 
to the horizon (as in C D, ibid.), he finds the beds of rock 
broken asunder, those on the one side of the plane having 
changed their place, by sliding in a particular direction along 


Fig. 74. 



Faults. A B perpendicular, C D oblique to the horizon. 

the face of the others. In this motion they have sometimes 
preserved their parallelism, as in fig. 74, so that the strata on 
each side of the faults A B, C I), continue pjirallel to one 
another ; in other cases, the strata on each side are inclined, as 



li F fault or fissure filled with rubbish, on each side of which the shifted 
strata arc not parallel. 

in a, b , c, d (fig. 75), though their identity is still to be recog- 
nised by their possessing the same thickness and the same in- 
ternal characters.’ 1 

1 Playfair, Illust. of Ilutt. Theory, § 42. 
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In Coalbrook Dale, says Mr. Prestwich, 1 deposits of sand- 
stone, shale and coal, several thousand feet thick, and occupy- 
ing an area of many miles, have been shivered into fragments, 
and the broken remnants have been placed in very discordant 
positions, often at levels differing several hundred feet from 
each other. The sides of the faults, when perpendicular, aro 
commonly several yards apart, and are sometimes as much as 
50 yards asunder, the interval being filled with broken dtbris of 
the strata. In following the course of the same fault it is 
sometimes found to produce in different places very unequal 
changes of level , the amount of shift being in one place 300, 
and in another TOO feet , which arises from the union of two 
or more faults. In other words, the disjointed strata have in 
certain districts been subjected to renewed movements, which 
they have not suffered elsewhere. 

We may occasionally see exact counterparts of these slips on 
a small scale, in pits of loose sand and gravel, many of which 
have doubtless been caused by tlie drying and shrinking of ar- 
gillaceous and other beds, slight subsidences having taken place 
from failure of support. Sometimes, however, even these small 
slips may have been produced during earthquakes ; for land has 
been moved, and its level, relatively to the sea, considerably 
altered, within the period when much of the alluvial sand and 
gravel now covering the surface of continents was deposited. 

I have already stated that a geologist must be on his guard, 
in a region of disturbed strata, against inferring repeated alter- 
nations of rocks, when, in fact, the same strata, once continuous, 
have been bent round so as to recur in the same section, and 
with the same dip. A similar mistake has often been occasioned 
by a series of faults. 

If, for example, the dark line A H (fig. 70) represent the 
surface of a country on which the strata a b c frequently crop 
out, an observer, who is proceeding from H to A, might at first 
imagine that at every step he was approaching new strata, 
whereas the repetition of the same beds has been caused by 
vertical faults, or downthrows. Thus, suppose the original 
mass, A, B, C, D, to have been a set of uniformly inclined strata, 
and that the different masses under E F, F G, and G D, sank 
down successively, so as to leave vacant the spaces marked in 
the diagram by dotted lines, and to occupy those marked by 
the continuous lines, then let denudation take place along the 
line A H, so that the protruding masses indicated by the fainter 
lines are swej>t away, — a miner, who has not discovered the 
faults, finding the mass a, which we will suppose to be a bed of 
1 Gcol. Trans, second series, vul. v. p. 452. 
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coal four times repeated, might hope to find four beds, workable 
to an indefinite depth, but first on arriving at the fault G he is 
stopped suddenly in his workings, for he comes partly upon 


Fig. 76. 



Apparent alternations of strata caused by vortical faults. 


the shale b, and partly on the sandstone c ; the same result 
awaits him at the fault F, and on reaching E he is again 
stopped by a wall composed of tlie rock d. 

The very different levels at which the separated parts of the 
same strata are found on the different sides of the fissure, in 
some faults, are truly astonishing. One of the most celebrated 
in England is that called the ‘ ninety-fathom dike,’ in the coal- 
field of Newcastle. This name has been given to it, because the 
same beds are ninety fathoms (540 feet) lower on the northern 
than they are on the southern side. The fissure has been filled 
by a body of sand, which is now in the state of sandstone, and 
is called the dike, which is sometimes very narrow, but in other 
places more than twenty yards wide. 1 The walls of the fissure 
are scored by grooves, such as would have been produced if the 
broken ends of the rock had been rubbed along the plane of the 
fault. 2 In the Tynedale and Craven faults, in the north of 
England, the vertical displacement is still greater, and the 
fracture has extended in a horizontal direction for a distance of 
thirty miles or more. 

Great faults the result of repeated movements. — It 

must not, however, be supposed that faults generally consist of 
single linear rents ; there are usually a number of faults 
springing off from the main one, and sometimes a long strip of 
country seems broken up into fragments by sets of parallel and 
connecting transverse faults. Oftentimes a great line of fault 

1 Conybearc and Phillips, Out- 2 Phillips,*^ Geology, Lardncr’s 

lines, &c., p. oTG. Cyclop., p. 41, 
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has been repeated or the movements have been continued 
through successive periods, so that newer deposits having 
covered the old line of displacement the strata both newer 
and older have given way along the old line of fracture. Some 
geologists have considered it necessary to imagine that the 
upward or downward movement in these cases was accom- 
plished at a single stroke, and not by a series of sudden but 
interrupted movements. They appear to have derived this 
idea from a notion that the grooved walls have merely been 
nibbed in one direction, which is far from being a constant 
phenomenon. Not only are some sets of strioo not parallel 
to others, but the clay and rubbish between the walls, when 
squeezed or rubbed, have been streaked in different directions, 
the grooves which the harder minerals have impressed on the 
softer being frequently curved and irregular. 

The usual absence of protruding masses of rock forming 
precipices or ridges along the lines of great faults has already 
been alluded to in explaining fig. 76, p. 67, and the same re- 
markable fact is well exemplified in every coal-field which has 
been extensively worked. It is in such districts that the former 
relation of the beds which have been shifted is determinable with 
great accuracy. Thus in the coal-field of Ashby de la Zouch, in 


Fig. 77. 



Faults and denuded coal strata, Ashby dc la Zouch. (Mammatt.) 


Leicestershire (see fig. 77), a fault occurs, on one side of which 
the coal-beds abed must onco have risen to the height of 500 
feet above the corresponding beds on the other side. But the 
uplifted strata do not stand up 500 feet above the general 
surface ; on the contrary, the outline of the country, as ex- 
pressed by the line z z, is uniformly undulating without any 
break, and the mass indicated by the dotted outline must have 
been washed away. 1 

The student may refer to Mr. Hull’s measurement of faults, 
observed in the Lancashire coal-field, where the vertical clis- 

} See Mammatt’s Geological Facts, &c., p. 00 and plate. 
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placement has amounted to thousands of feet, and yet where 
all the superficial inequalities which must have resulted from 
such movements have been obliterated by subsequent denuda- 
tion. In the same memoir proofs are afforded of there having 
been two periods of vertical movement in the same fault, one, 
for example, before, and another after, the Triassic epoch. 1 

The shifting of the beds by faults is often intimately con- 
nected with those same foldings which constitute the anticlinal 
and synclinal axes before alluded to, and there is no doubt that 
the subterranean causes of both forms of disturbance are to a 
great extent the same. A fault in Virginia, believed to imply 
a displacement of several thousand feet, has been traced for 
more than eighty miles in the same direction as the foldings of 
the Appalachian chain. 3 An hypothesis which attributes such 
a change of position to a succession of movements, is far prefer- 
able to any theory which assumes each fault to have been accom- 
plished by a single upcast or downthrow of several thousand 
feet. For we know that there are operations now in progress, 
at great depths in the interior of the earth, by which both large 
and small tracts of ground are made to rise above and sink 
below their former level, some slowly and insensibly, others 
suddenly and by starts, a few feet or yards at a time ; whereas 
there are no grounds for believing that, during the last 3,000 
years at least, any regions have been either uplieaved or de- 
pressed, at a single stroke, to the amount of several hundred 
much less several thousand feet. 

It is certainly not easy to understand how in the subterra - 
nean regions one mass of solid rock should have been folded up 
by a continued series of movements, while another mass in 
contact, or only separated by a line of fissure, has remained 
stationary or has perhaps subsided. But every volcano, by 
the intermittent action of the steam, gases, and lava evolved 
during an eruption, helps us to form some idea of the manner 
in which such operations take place. For eruptions are re- 
peated at uncertain intervals throughout the whole or a large 
part of a geological period, some of the surrounding and 
contiguous districts remaining quite undisturbed. And in 
most of the instances with which we are best acquainted the 
emission of lava, scoria, and steam is accompanied by the 
uplifting of the solid crust. Thus in Vesuvius, Etna, the 
Madeiras, the Canary Islands, and the Azores there is evidence 
of marine deposits of recent and tertiary date having been 
elevated to the height of a thousand feet, and sometimes more, 

1 Hull, Quart. Geol. Joum. vol. 2 II. D. Rogers, Geol. of Pennsyl- 
xxiv. p. 318. 1808. vania, p. 8D7. 
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since the commencement of the volcanic explosions. There is, 
moreover, a general tendency in contemporaneous volcanic 
vents to affect a linear arrangement extending in some instances, 
as in the Andes or the Indian Archipelago, to distances equalling 
half the circumference of the globe. Where volcanic heat, 
therefore, operates at such a depth as not to obtain vent at tlie 
surface, in the form of an eruption, it may nevertheless be con- 
ceived to give rise to upheavals, foldings, and faults in certain 
linear tracts. And marine denudation, to be treated of in the 
next chapter, will help us to understand why that which should 
be the protruding portion of the faulted rocks is missing at the 
surface. 

Arrangrement and direction of parallel folds of strata. — 

The possible causes of the folding of strata by lateral move- 
ments have been considered in a former part of this chapter. 
No chain of mountains affords so remarkable an illustration of 
the persistency of such flexures for a great distance as the 
Appalachians before alluded to, and none has been studied 
and described by many good observers with more accuracy. 
The chain extends from north to south, or rather N.N.E. to 
S.S.W., for nearly 1,500 miles, with a breadth of 50 miles, 
throughout which the Palaeozoic strata have been so bent as to 
form a series of parallel anticlinal and synclinal ridges and 
troughs, comprising usually three or four principal and many 
smaller plications, some of them forming broad and gentle 
arches, others narrower and steeper ones, while some, where 
the bending has been greatest, have the position of their beds 
inverted as before shown in fig. 73, p. 64. 

The strike of the parallel ridges, after continuing in a straight 
line for many hundred miles, is then found to vary for a more 
limited distance as much as 30°, the folds wheeling round 
together in the new direction and continuing to be parallel as if 
they had all obeyed the same movement. The date of the 
movements by which the great flexures were brought about 
must, of course, be subsequent to the formation erf the upper- 
most part of the Coal or the newest of the bent rocks, but the 
disturbance must have ceased before the Triassic strata were de- 
posited on the denuded edges of the folded beds. 

The manner in which the numerous parallel folds all simul- 
taneously formed assume a new direction common to the whole 
of them, and sometimes varying at an angle of 30° from the 
normal strike of the chain, shows what deviation from an other- 
wise uniform strike of the beds may be experienced when the 
geographical area through which they are traced is on so vast 
a scale. 
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The disturbances in the case here adverted to occurred be- 
tween the Carboniferous period and that of the Trias, and this 
interval is so vast that they may have occupied a great lapse of 
time, during which their parallelism was always preserved. 
But as a rule wherever after a long geological interval the recur- 
rence of lateral movements gives rise to a new set of folds, the 
strike of these last is different. Thus, for example, Mr. Hull 
has pointed out that three principal lines of disturbance, all later 
than the Carboniferous period, have affected the stratified rocks 
of Lancashire. The first of these, having an E.N.E. direction, 
took place at the close of the Carboniferous period. The next, 
running north and south, at the close of the Permian, and the 
third, having a N.N.W. direction, at the close of the Jurassic 
period. 1 

XTnconformability of strata. — Strata are said to be uncon- 
formable, when one series is so placed over another, that the 
planes of the superior repose on the edges of the inferior (see 
fig- 78). In this case it is evident that a period had elapsed 
between the production of the two sets of strata, and that, 
during this interval, the older series had been tilted and dis- 
turbed. Afterwards the upper series was thrown down in hori- 
zontal strata upon it. If these superior beds, d, d, fig. 78, are 


Fig. 78. 



also inclined, it is plain that the lower strata, a, a, have been 
twice displaced ; first, before the deposition of the newer beds, 
d 9 d, and a second time when these same strata were upraised 
out of the sea, and thrown slightly out of the horizontal postion. 

It often happens that in the interval between the deposition 
of two sets of unconfonnable strata, the inferior rock has not 
only been denuded, but drilled by perforating shells. Thus, for 
example, at Autreppe and Gusigny, near Mons, beds of an 
ancient (primary or paleozoic) limestone, highly inclined, and 
often bent, are covered with horizontal strata of greenish and 
whitish marls of the Cretaceous formation. The lowest, and 

1 Edward Hull, Quart. Gcol. Journ. vol. xxiv. p. 323. 
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therefore the oldest, bed of the horizontal series is usually the 
sand and conglomerate, a, in which are rounded fragments of 
stone, from an inch to two feet in diameter. These fragments 
have often adhering shells attached to them, and have been 


Fig. 79. 



Junction of unoonfonnable strata near Mons, in Belgium. 


bored by perforating mollusca. The solid surface of the inferior 
limestone has also been bored, so as to exhibit cylindrical and 
pear-shaped cavities, as at c, the work of saxicavous mollusca ; 
and many rents, as at b, which descend several feet or yards 
into the limestone, have been filled with sand and shells, simi- 
lar to those in the stratum a. 

Overlapping* strata. — Strata are said to overlap, when an 
upper bed of a series extends beyond the limits of a lower one. 
This may be produced in various ways, as, for example, when 
alterations of physical geography cause the arms of a river or 
channels of discharge to vary, so that sediment brought down is 
deposited over a wider area than before, or when the sea-bottom 
has been raised up and again depressed without disturbing the 
horizontal position of the Btrata. In this case the newer strata 
may rest for the most part conformably on the older, but, ex- 
tending farther, pass over their edges. Every intermediate 
state between unconformable and overlapping beds may occur, 
because there may bo every gradation between a slight de- 
rangement °f position, and a considerable disturbance and denu- 
dation of the older formation, before the newer beds come on. 
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DENUDATION. 

Denudation defined — Its amount more than equal to the entire mass of stra- 
tified deposits in the earth's crust — SubaSrial denudation — Action of the 
-wind — Action of running water — Alluvium defined — Different ages of 
alluvium — Denuding power of rivers affected by rise or fall of land— Lit* 
toral denudation— Inland sea-cliffs — Escarpments — Submarine denuda- 
tion— Dogger-bank — Newfoundland bank — Denuding power of the ocean 
during emergence of land. 

Denudation, which has been occasionally spoken of in the 
preceding chapters, is the removal of solid matter by water 
motion, whether of rivers or of the waves and currents of the 
sea, and the consequent laying bare of aome inferior rock. This 
operation has exerted an influence on the structure of the earth’s 
crust as universal and important as sedimentary deposition 
itself ; for denudation is the necessary antecedent of the pro- 
duction of all new strata of mechanical origin. The forma- 
tion of every new deposit by the transport of sediment and 
pebbles necessarily implies that there has been, somewhere else, 
a grinding down of rock into rounded fragments, sand, or mud, 
equal in quantity to the new strata. All deposition, therefore, 
except in the case of a shower of volcanic ashes, and the outflow 
of lava, and the growth of certain organic formations, is the sign 
of superficial waste going on contemporaneously, and to an 
equal amount, elsewhere. The gain at one point is no more than 
sufficient to balance the loss at some other. Here a lake has 
grown shallower, there a ravine has been deepened. Here the 
depth of the sea has been augmented by the removal of a sand- 
bank during a storm, there its bottom has been raised and 
shallowed by the accumulation in its bed of the same sand 
transported from the bank. 

When we see a stone building, we know that somewhere, far 
or near, a quarry has been opened. The courses of stone in the 
building may be compared to successive strata, the quarry to a 
ravine or valley which has suffered denudation. As the strata, 
like the courses of hewn stone, have been laid one upon another 
gradually, so the excavation both of the valley and quarry has 
been gradual. To pursue the comparison still farther, the super- 
ficial heaps of mud, sand, and gravel, usually called alluvium. 
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may be likened to the rubbish of a quarry which has been re- 
jected as useless by the workmen, or has fallen upon the road 
between the quarry and the building, so as to lie scattered at 
random over the ground. 

But we occasionally find in a conglomerate large rounded 
pebbles of an older conglomerate, which had previously been 
derived from a variety of different rocks. In such cases we are 
reminded that the same materials having been used over and 
over again, it is not enough to affirm that the entire mass of 
stratified deposits in the earth’s crust affords a monument and 
measure of the denudation which has taken place, for in truth 
the quantity of matter now extant in the form of stratified rock 
represents but a fraction of the material removed by water and 
redeposited in past ages. 

Subaerial denudation. — Denudation may be divided into 
subaSrial, or the action of wind, rain, and rivers, and submarine, 
or that effected by the waves of the sea, and its tides and 
currents. With the operation of the first of these we are best 
acquainted, and it may be well to give it our first attention. 

Action of the wind . — In desert regions where no rain falls, or 
where, as in parts of the Sahara, the soil is so salt as to be 
without any covering of vegetation, clouds of dust and sand 
attest the power of the wind to cause the shifting of the unoon- 
solidated or disintegrated rock. 

In examining volcanic countries I have been much struck 
with the great superficial changes brought about by this power 
in the course of centuries. The highest peak of Madeira is 
about 0,050 feet above the sea, and consists of the skeleton of a 
volcanic cone now 250 feet high, the beds of which once dipped 
from a centre in all directions at an angle of more than 30°. 
The summit is formed of a dike of basalt with much olivine, fif- 
teen feet wide, apparently the remains of a column of lava which 
once rose to the crater. Nearly all the scoriae of the upper part 
of the cone have been swept away, those portions only remaining 
which were hardened by the contact or proximity of the dike. 
While I was myself on this peak on January 25, 1854, I saw 
the wind, though it was not stormy weather, removing sand 
and dust derived from the decomposing seorife. There had been 
frost in the night, and some ice was still seen in the crevices of 
the rock. 

On the highest platform of the Grand Canary, at an elevation 
of 6,000 feet, there is a cylindrical column of hard lava, from 
which the softer matter has been carried away ; and other 
ftiWlitr remnants of the dikes of cones of eruption attest the 
denuding power of the wind at points where running water 
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could never have exerted any influence. The waste effected by 
wind, aided by frost and snow, may not be trifling, even in a 
single winter, and when multiplied by centuries, may become 
indefinitely great. 

Action of running water . — There are different classes of 
phenomena which attest in a most striking manner the vast 
spaces left vacant by the erosive power of water. I may allude, 
first, to those valleys on both sides of which the same strata are 
seen following each other in the same order, and having the same 
mineral composition and fossil contents. We may observe, for 
example, several formations, as Nos. 1, 2, 3, 4, in the accom- 
panying diagram (fig. 80) ; No. 1, conglomerate, No. 2, clay, 


Fig. 80. 



No. 3, grit, and No. 4, limestone, each repeated in a series of 
hills separated by valleys varying in depth. When we examine 
the subordinate parts of these four formations, we find, in like 
manner, distinct beds in each, corresponding, on the opposite 
sides of the valleys, both in composition and order of position. 
No one can doubt that the strata were originally continuous, 
and that some cause has swept away the portions which once 
connected the whole series. A torrent on the side of a moun- 
tain produces similar interruptions ; and when we make artificial 
cuts in lowering roads, we often expose, in like manner, corre- 
sponding beds on either side. But in nature, these appearances 
occur in mountains several thousand feet high, and separated by 
v intervals of many miles or leagues in extent. 

In the 1 Memoirs of the Geological Survey of Great Britain ’ 
(vol. i.), Professor Rainsay has shown that the missing beds 
removed from the summit of the Mendips must have been 
nearly a mile in thickness ; and he has pointed out considerable 
areas in South Wales, and some of the adjacent counties of 
England, where a series of primary (or palaeozoic) strata, not 
less than 11,000 feet in thickness, have been stripped off. All 
these materials have of course been transported to new regions, 
and have entered into the composition of more modem forma- 
tions. On the other hand, it is shown by observations in the 
same € Surrey / that the Palaeozoic strata are from 20,000 to 30,000 
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feet thick. It is clear that such rocks, formed of mud and sand, 
now for the most part consolidated, are the monuments of de- 
nuding operations, which must have taken place at some of the 
remotest periods of the earth’s history yet known to us. For 
whatever has been given to one area must always have been 
borrowed from another ; a truth which, obvious as it may seem 
when thus stated, must be repeatedly impressed on the stu- 
dent’s mind, because in many geological speculations it is 
taken for granted that the external crust of the earth has been 
always growing thicker in consequence of the accumulation, 
period after period, of sedimentary matter, as if the new strata 
were not always produced at the expense of pre-existing rocks, 
stratified or unstratified. By duly reflecting on the fact, that 
all deposits of mechanical origin imply the transportation from 
some other region, whether contiguous or remote, of an equal 
amount of solid matter, we perceive that the stony exterior 
of the planet must always have grown thinner in one place, 
whenever, by accessions of new strata, it was acquiring thickness 
in another. 

It is well known that generally at the mouths of large rivers, 
deltas are forming and the land is encroaching upon the sea ; 
these deltas are monuments of recent denudation and depo- 
sition ; and it is obvious that if the mud, sand, and gravel 
were taken from them and restored to the continents they 
would fill up a large part of the gulleys and valleys which are 
due to the excavating and transporting power of torrents and 
rivers. 

Alluvium. — Between the superficial covering of vegetable 
mould and the subjacent rock there usually intervenes in every 
district a deposit of loose gravel, sand, and mud, to which when 
it occurs in valleys the name of alluvium has been popularly 
applied. The term is derived from alluvia, an inundation, or 
alluo, to wash, because the pebbles and sand commonly resemble 
those of a river’s bed or the mud and gravel washed over low 
lands by a flood. 

In the course of those changes in physical geography which 
may take place during the gradual emergence of the bottom of 
the sea and its conversion into dry land, any spot may either 
have been a sunken reef, or a bay, or estuary, or sea-shore, or 
the bed of a river. The drainage, moreover, may have been 
deranged again and again by earthquakes, during which tem- 
porary lakes are caused by landslips, and partial deluges occa- 
sioned by the bursting of the barriers of such lakes. For this 
reason it would be unreasonable to hope that we should ever be 
able to account for all the alluvial phenomena of each particular 
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country, seeing that the causes of their origin are so various. 
Besides, the last operations of water have a tendency to disturb 
and confound together all pre-existing alluviums. Hence we 
are always in danger of regarding as the work of a single era, 
and the effect of one cause, what has in reality been the result 
of a variety of distinct agents, during a long succession of 
geological epochs. Much useful instruction may therefore be 
gained from the exploration of a country like Auvergne, where 
the superficial gravel of very different eras happens to have been 
preserved and kept separate by sheets of lava, which were 
poured out one after the other at periods when the denudation, 
and probably the upheaval, of rocks were in progress. That 
region had already acquired in some degree its present con- 
figuration before any volcanoes wore in activity, and before any 
igneous matter was superimposed upon the granitic and fossili- 
ferous formations. The pebbles therefore in the older gravels 
are exclusively constituted of granite and other aboriginal rocks ; 
and afterwards, when volcanic vents burst forth into eruption, 


Fig. 81. 



those earlier alluviums were covered by streams of lava, which 
protected them from intermixture with gravel of subsequent date. 
In the course of ages, a new system of valleys was excavated, so 
that the rivers ran at lower levels than those at which the first 
alluviums and sheets of lava were formed. When, therefore, 
fresh eruptions gave rise to new lava, the melted matter was 
poured out over lower grounds ; and the gravel of these plains 
differed from the first or upland alluvium, by containing in it 
rounded fragments of various volcanic rocks, and often fossil 
bones belonging to species of land animals different from those 
which had previously flourished in the same country, and been 
buried in older gravels. 

The annexed drawing (fig. 81) will explain the different heights 
at which beds of lava and gravel, each distinct from the other in 
composition and age, are observed, some on the flat tops of 
hills 700 or 800 feet high, others on the slope of the same hills, 
and the newest of all in the channel of the existing river, where 
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there is usually gravel alone, although in some cases a narrow 
strip of solid lava shares the bottom of the valley with the 
river. 

The proportion of extinct Bpecies of quadrupeds is more 
numerous in the fossil remains of the gravel No. 1 than in that 
indicated as No. 2 ; and in No. 3 they agree more closely, some- 
times entirely, with those of the existing fauna. The usual 
absence or rarity of organic remains in beds of loose gravel and 
sand is partly owing to the friction which originally ground down 
the rocks into small fragments, and partly to the porous nature 
of alluvium, which allows the free percolation through it of 
rain-water, and promotes the decomposition and removal of 
fossil remains. 

The loose transported matter on the surface of a largo part of 
the land now existing in the temperate and arctic regions of the 
northern hemisphere, must be regarded as being in a somewhat 
exceptional state, in consequence of the imjmrtant part which 
ice has played in comparatively modem geological times. This 
subject will bo more specially alluded to when we describe in 
the eleventh chapter the deposits called 4 glacial. ’ 

Denuding- power of rivers affected by rise or fall of land. 
— It has long been a matter of common observation that most 
rivers are now cutting their channels through alluvial deposits 
of greater depth and extent than could ever have been formed 
by the present streams. From this fact it has been inferred 
that rivers in general have grown smaller, or become less liable 
to be flooded than formerly. It may be true that in the history 
of almost every country the rivers have been both larger and 
smaller than they are at the present moment. For the rainfall 
in particular regions varies according to climate and physical 
geography, and is especially governed by the elevation of the 
land above the sea, or its distance from it, and other conditions 
equally fluctuating in the course of time. But tho phenomenon 
alluded to may sometimes be accounted for by oscillations in the 
level of the land, experienced Bince the existing valleys originated, 
even where no marked diminution in the quantity of rain and 
in the size of the rivers has occurred. 

We know that many large areas of land are rising and others 
sinking, and unless it could be assumed that both the upward 
or do wnward movements are everywhere uniform, many of the 
existing hydrographical basins ought to have the appearance of 
having been temporary lakes first filled with fluviatile strata and 
then partially re-excavated. 

Suppose, for example, part of a continent, comprising within 
it a large hydrographical basin like that of the Mississippi, to 



CH. VI.] 


LITTORAL DENUDATION. 


79 


subside several inches or feet in a century, as the west coast of 
Greenland, extending 600 miles north and south, has been sink- 
ing for three or four centuries, between the latitudes 60° and 
69° NT. 1 It will rarely happen that the rate of subsidence will 
be everywhere equal, and in many cases the amount of depres- 
sion in the interior will regularly exceed that of the region 
nearer the sea. Whenever this happens, the fall of the waters 
flowing from the upland country will be diminished, and each 
tributary stream will have less power to carry its sand and sedi- 
ment into the main river, and the main river less power to con- 
vey its annual burden of transported matter to the sea. All the 
rivers, therefore, will proceed to fill up partially their ancient 
channels, and, during frequent inundations, will raise their allu- 
vial plains by new deposits. If, then, the same area of land be 
again upheaved to its former height, the fall, and consequently 
the velocity, of every river will begin to augment. Each of 
them will be less given to overflow its alluvial plain ; and their 
power of carrying earthy matter seaward, and of scouring out 
and deepening their channels, will be sustained till, after a 
lapse of many thousand years, each of them has eroded a new 
channel or valley through a fluviatile formation of comparatively 
modem date. The surface of what was once the river-plain at 
the period of greatest depression, will then remain fringing the 
valley-sides in the form of a terrace apparently flat, but in reality 
sloping down with the general inclination of the river. Every- 
where this terrace will present cliffs of gravel and sand, facing 
the river. That such a series of movements has actually taken 
place in the main valley of the Mississippi and in its tributary 
valleys during oscillations of level, I have endeavoured to show 
in my description of that country ; 3 and the freshwater shells 
of existing species and bones of land quadrupeds, partly of ex- 
tinct races, preserved in the terraces of fluviatile origin, attest 
the exclusion of the sea during the whole process of filling up 
and partial re-excavation. 

Uttoral denudation. — Part of the action of the waves be- 
tween high and low water mark must be included in subaerial 
denudation, more especially as the undermining of cliffs by the 
waves is facilitated by land-springs, and these often lead to the 
sliding down of great masses of land into the sea. Along our 
coasts we find numerous submerged forests, only visible at low 
water, having the trunks of the trees erect and their roots attached 
to them, and still spreading through the ancient soil as when they 

1 Principles of Geology, 7th ed, 2 Second Visit to the V. S. vol. i. 

p. 506 ; 10th ed. vol. ii. p. 106. chap, xxx iv. 
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were living. They occur in too many places, and sometimes at 
too great a depth, to be explained by a mere change in the level 
of the tides, although as the coasts waste away and alter in shape, 
the height to which the tides rise and fall is always varying, and 
the level of high tide at any given point may, in the course of many 
ages, differ by several feet or even fathoms. It. is this fluctua- 
tion in the height of the tides, and the erosion and destruction 
of the sea-coast by the waves, that makes it exceedingly difficult 
for us in a few centuries, or even perhaps in a few thousand 
years, to determine whether there is a 'change by subterranean 
movement in the relative level of sea and land. 

We often behold, as on the coasts of Devonshire and Pem- 
brokeshire, fact! which appear to lead to opposite conclusions. 
In one place a raised beach with marine littoral shells, and in 
another immediately adjoining a submerged forest. These phe- 
nomena indicate oscillations of level, and as the movements are 
very gradual, they must give repeated opportunities to the 
breakers to denude the land, which is thus again and again 
exposed to their fury, although it is evident that the submergence 
is sometimes effected in such a manner as to allow the trees which 
border the coast not to be carried away. 

Inland sea-cliffs. — In countries where hard limestone rocks 
abound, inland cliffs have often retained faithfully for ages the 
characters which they acquired when they constituted the boun- 
dary of land and sea. Thus, in the Morea, no less than three 
or even four ranges of cliffs are well preserved, rising one above 
the other at different distances from the actual shore, the sum- 
mit of the highest and oldest occasionally attaining the height 
of 1,000 feet. A consolidated beach with marine shells is usually 
found at the base of each cliff, and a line of littoral caverns. 
These rangeB of cliff probably imply pauses in the process of up- 
heaval when the waves and currents had time to undermine and 
clear away considerable masses of rock. 

But the beginner should be warned not to expect to find evi- 
dence of the former sojourn of the sea on all those lands which 
we are nevertheless sure have been submerged at periods com- 
paratively modem ; for notwithstanding the enduring nature of 
the marks left by littoral action on some rocks, especially lime- 
stones, we can by no means detect sea-beaches and inland cliffs 
everywhere. On the contrary, they are, upon the whole, ex- 
tremely partial, and are often entirely wanting in districts com- 
posed of argillaceous and sandy formations, which must, never- 
'Wk have been upheaved at the same time, and by the same 
/mcmrittent movements, as the adjoining harder rocks. 

s.— Besides the inland cliffs above alluded to 
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which mark the ancient limits of the sea, there are other abrupt 
terminations of rocks of various kinds which resemble sea-cliffs, 
but which have in reality been due to subaerial denudation. 
These have been called ‘ escarpments/ a term which it is useful 
to confine to the outcrop of particular formations having a scarped 
outline, as distinct from cliffs due to marine action. 

I formerly supposed that the steep lino of cliff-like slopes seen 
along the outcrop of the chalk, when we follow the edge of tho 
North or South Downs, was due to marine action ; but Professor 
Ramsay has shown 1 that the present outline of the physical 
geography is more in favour of the idea of the escarpments hav- 
ing been due to gradual waste since the rocks wyre exposed in 
the atmosphere to the action of rain and rivers. 

Mr. Whitaker has given a good summary of the grounds for 
ascribing these apparent sea-cliffs to waste in the open air. 
1. There is an absence of all signs of ancient sea-beaches or 
littoral deposits at the base of the escarpment. 2. Great ine- 
quality is observed in the level of the base line. 3. The escarp- 
ments do not intersect, like sea-cliffs, a series of distinct rocks, 
but are always confined to the boundary line of the same forma- 
tion. 4. There are sometimes different contiguous and parallel 
escarpments — those, for example, of the greensand and chalk — 
which are so near each other, and occasionally so similar in 
altitude, that we cannot imagine any existing archipelago if 
converted into dry land to present a like outline. 

The above theory is by no means inconsistent with the opinion 
that the limits of the outcrop of the chalk and greensand 
which the escarpments now follow, were originally determined 
by marine denudation. When the south-east of England last 
emerged from beneath the level of the sea, it was acted upon, 
no doubt, by the tide, waves, and currents, and the chalk would 
form from the first a mass projecting above the more destruct- 
ible clay called gault. Still the present escarpments so much 
resembling sea-cliffs have no doubt, for reasons above stated, 
derived their most characteristic features subsequently to emer- 
gence from subaerial waste by rain and rivers. 

Submarine denudation. — When we attempt to estimate tho 
amount of submarine denudation, we become sensible of the 
disadvantage under which we labour from our habitual inca- 
pacity of observing the action of marine currents on the bed of 
the sea. We know that the agitation of the waves, even during 
storms, diminishes at a rapid rate, so as to become very insignifi- 
cant at the depth of a few fathoms, and is quite imperceptible at 


1 Physical Geography and Geology of Great Britain, p. 78. 1864. 



sea as a denuding agent, geologically considered, is not depen- 
dent on the power of currents to preserve at great depths a 
velocity sufficient to remove sand and mud, because, even where 
the deposition or removal of sediment is not in progress, the 
depth of water does not remain constant throughout geological 
time. Every page of the geological record proves to us that the 
relative levels of land and sea, and the position of the ocean and 
of continents and islands, have been always varying, and we may 
feel sure that some portions of the submarine area are now 
rising and others sinking. The force of tidal and other currents 
and of the waves during storms is sufficient to prevent the 
emergence of many lands, even though they may be undergoing 
continual upheaval. It is not an uncommon error to imagine 
that the waste of sea-cliffs affords the measure of the amount of 
marine denudation, of which it probably constitutes an insignifi- 
cant portion. 

Dogger-bank. — That great shoal called the Dogger-bank, 
about sixty miles east of the coast of Northumberland, and 
occupying an area about as large as Wales, has nowhere a 
depth of more than ninety feet, and in its shallower parts is less 
than forty feet under water. It might contribute towards the 
safety of the navigation of our seas to form an artificial island, 
and to erect a lighthouse on this bank ; but no engineer would 
be rash enough to attempt it, as he would feel sure that the 
ocean in the first heavy gale would sweep it away as readily as 
it does every temporary shoal that accumulates from time to 
time around a sunk vessel on the same bank . 1 

No observed geographical changes in historical times entitle us 
to assume that where upheaval may be in progress it proceeds 
at a rapid rate. Three or four feet rather than as many yards 


1 Principles, 10th ed. vol. i. p. 5G9. 
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in a century may probably be as much as we can reckon upon 
in our speculations ; and if such be the case, the continuance of 
the upward movement might easily be counteracted by the 
denuding force of such currents aided by such waves as during a 
gale are known to prevail in the German Ocean. What parts of 
the bed of the ocean are stationary at present, and what areas 
may be rising or sinking, is a matter of which we are very 
ignorant, as the taking of accurate soundings is but of recent 
date. 

Ncivfoundland-bank . — The great bank of Newfoundland may 
be compared in size to the whole of England. This part of the 
bottom of the Atlantic is surrounded on three sides by a rapidly 
deepening ocean, the bank itself being from twenty to fifty 
fathoms (or from 120 to 300 feet) under water. We are unable 
to determine by the comparison of different charts, made at 
distant periods, whether it is undergoing any change of level, 
but if it be gradually rising we cannot anticipate on that account 
that it will become land, because the breakers in an open sea 
would exercise a prodigious force even on solid rock brought up 
to within a few yards of the surface. We know, for example, 
that when a new volcanic island rose in the Mediterranean in 
1831, the waves were capable in a few years of reducing it to a 
sunken rock. 

In the same way currents which flow over the Newfoundland 
bank a great part of the year at the rate of two miles an hour, 
and are known to retain a considerable velocity to near the 
bottom, may carry away all loose sand and mud and make tlio 
emergence of the shoal impossible, in spite of the accessions of 
mud, sand, and bonlders derived occasionally from melting 
icebergs which, coming from the northern glaciers, are frequently 
stranded on various parts of the bank. They must often leave 
at the bottom large erratic blocks which the marine currents 
may be incapable of moving, but the same rocky fragments 
may be made to sink by the undermining of beds consisting of 
finer matter on which the blocks and gravel repose. It is by 
no means improbable that the annual removal of an average 
thickness of half an inch of rock might counteract the ordi- 
nary upheaval which large submarine areas are undergoing ; 
and the real enigma which the geologist has to solve is not the 
extensive denudation of the white chalk or of our tertiary sands 
and clays, but the fact that such incoherent materials hav<? 
ever succeeded in lifting up their heads above water in an 
open sea. Why were they not swept away during storms into 
some adjoining abysses, the highest parts of each shoal being 
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always planed off down to the depth of a few fathoms ? The 
hardness and toughness of some rocks already exposed to wind- 
ward and acting as breakwaters may perhaps have assisted ; nor 
must we forget the protection afforded by a dense and unbroken 
covering of barnacles, limpets, and other creatures which flourish 
most between high and low water and shelter some newly risen 
coasts from the waves. 
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CHAPTER VII. 

JOINT ACTION OF DENUDATION, UPHEAVAL, AND SUBSIDENCE IN 
REMODELLING THE EARTH’S CRUST. 

IIow we obtain an insight at the surface, of the arrangement of rocks at 
great depths — Why the height of the successive strata in a given region 
is so disproportionate to their thickness — Computation of the average 
annual amount of subadrial denudation — Antagonism of volcanic force to 
the levelling power of running water — How far the transfer of sediment 
from the land to a neighbouring sea-bottom may affect subterranean 
movements — Permanence of continental and oceanic areas. 

Stow we obtain an insight at the surface of the arrange- 
ment of rocks at great depths. — The reader lias been already 
informed that in the structure of the earth’s crust we often 
find proofs of the direct superposition of marine to freshwater 
strata, and also evidence of the alternation of deep-sea and 
shallow-water formations. In order to explain how such a 
series of rocks could be made to form our present continents 
and islands, we have not only to assume that there have been 
alternate upward and downward movements of great vertical 
extent, but that the upheaval in the areas which we at present 
inhabit has, in later geological times, sufficiently predominated 
over subsidence as to cause these portions of the earth’s crust to 
be land instead of sea. The sinking down of a delta beneath 
the sea-level may cause strata of fluviatile or even terrestrial 
origin, such as peat with trees proper to marshes, to be covered 
by deposits of deep-sea origin. There is also no end* to the 
thickness of mud and sand which may accumulate in shallow 
water, provided that fresh sediment is brought down from the 
wasting land at a rate corresponding to that of the sinking of the 
bed of the sea. The latter, again, may sometimes sink so fast 
that the earthy matter, being intercepted in some new landward 
depression, may never reach its former re sting- place, where, the 
water becoming clear, may favour the growth of shells and 
corals, and calcareous rocks of organic origin may thus be super- ' 
imposed on mechanical deposits. 

The succession of strata here alluded to would be consistent 
with ‘the occurrence of gradual downward and upward move- 
ments of the land and bed of the sea without any disturbance 
of the horizontality of the several formations. But the arrange- 
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xnent of rocks composing the earth’s crust differs materially from 
that which would result from a mere series of vertical move- 
ments. Had the volcanic forces been confined to such movements, 
and had the stratified rocks been first formed beneath the sea 
and then raised above it, without any lateral compression, the 
geologist would never have obtained an insight into the monu- 
ments of various ages, some of extremely remote antiquity. 

What we have said in Chapter Y. of dip and strike, of the 
folding and inversion of strata, of anticlinal and synclinal 
flexures, and in Chapter VI. of denudation at different periods, 
whether subaerial or submarine, must bo understood before the 
student can comprehend what may at first seem to him an 
anomaly, but which it is his business particularly to understand. 
I allude to the small height above the level of the sea attained 
by strata, often many miles in thickness, and about the chrono- 
logical succession of which, in one and the same region, there is 
no doubt whatever. Had stratified rocks in general remained 
horizontal, the waves of the sea would have been enabled 
during oscillations of level to plane off entirely the uppermost 
beds as they rose or sank during the emergence or submergence 
of the land. But the occurrence of a series of formations of 
widely different ages, all remaining horizontal and in conform- 
able stratification, is exceptional, and for this reason the total 
anniliilation of the uppermost strata has rarely taken place. 
We owe, indeed, to the sideway movements of lateral compres- 
sion those anticlinal and synclinal curves of the beds already 
described (fig. 55, p. 51), which, together with denudation, 
subaerial and submarine, enable us to investigate the structure 
of the earth’s crust many miles below those points which the 
miner can reach. I have already shown in fig. 56, p. 52, how, 
at St. Abb’s Head, a series of strata of indefinite thickness may 
become vertical, and then denuded, so that the edges of the 
beds alone shall be exposed to view, the altitude of the upheaved 
ridges being reduced to a moderate height above the sea-level ; 
and it may be observed that although the incumbent strata of 
Old Red Sandstone are in that place nearly horizontal, yet these 
same newer beds will in other places be found so folded as to 
present vertical strata, the edges of which are abruptly cut off, 
as in 2, 3, 4 on the right-hand side of the diagram, fig. 65, p. 51. 

Why the height of the successive strata In a riven region 
is so disproportionate to their thickness. — We cannot too 
distinctly bear in mind how dependent we are on the joint 
action of the volcanic and aqueous forces, the one in disturbing 
the original position of rocks, and the other in destroying large 
portions of them, for our power of consulting the different' 
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pages and volumes of those stony records of which the crust of 
the globe is composed. Why, it may be asked, if the ancient 
bed of the sea has been in many regions uplifted to the height 
of two or three miles, and sometimes twice that altitude, and if 
it can be proved that some single formations are of themselves 
two or three miles tliick, do we so often find several important 
groups resting one upon the other, yet attaining only the height 
of a few hundred feet above the level of the sea ? 

The American geologists, after carefully studying the Alleghany 
or Appalachian mountains, have ascertained that the older 
fossiliferous rocks of that chain (from the Silurian to the Car- 
boniferous inclusive) are not less than 42,000 feet thick, and if 
they were now superimposed on each other in the order in 
which they were thrown down, they ought to equal in height 
the Himalayas with the Alps piled upon them. Yet they 
rarely reach an altitude of 5,000 feet, and their loftiest peaks 
are no more than 7,000 feet high. The Carboniferous strata 
forming the highest member of the series, and containing beds 
of coal, can be shown to be of shallow- water origin, or even 
sometimes to have originated in swamps in the open air. But 
what is more surprising, the lowest part of this great Palaeozoic 
series, instead of having been thrown down at the bottom of an 
abyss more than 40,000 feet deep, consists of sediment (the 
Potsdam sandstone), evidently spread out on the bottom of a 
shallow sea, on which ripple-marked sands were occasionally 
formed. This vast thickness of 40,000 feet is not obtained by 
adding together the maximum density attained by each forma- 
tion in distant parts of the chain, but by measuring the succes- 
sive groups as they are exposed in a very limited area, and 
where the denuded edges of the vertical strata forming the 
parallel folds alluded to at p. 70, 4 crop out ’ at the surface. 
Our attention has been called by Mr. James Hall, Paleontologist 
of New York, to the fact that these Palaeozoic rocks of the 
Appalachian chain, which are of such enormous density, where 
they are almost entirely of mechanical origin, thin out gradually 
as they are traced to the westward, where evidently the con- 
temporaneous seas allowed organic rocks to be formed by corals, 
echinoderms, and encrinites in clearer water, and where, although 
the same successive periods are represented, the total mass of 
strata from the Silurian to the Carboniferous, instead of being 
40,000 is only 4,000 feet thick. 

A like phenomenon is exhibited in every mountainous country, 
as, • for example, in the European Alps ; but we need not go 
farther than the north of England for its illustration. Thus in 
Lancashire and central England the thickness of the Carboni- 
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ferous formation, including the Millstone Grit and Yoredale 
beds, is computed to be more than 18,000 feet ; to this we may 
add the Mountain Limestone, at least 2,000 feet in thickness, and 
the overlying Permian and Triassic formations, 3,000 or 4,000 
feet thick. How, then, does it happen that the loftiest hills of 
Yorkshire and Lancashire, instead of being 24,000 feet high, 
never rise above 3,000 feet ? For here, as before pointed out 
in the Alleghanies, all the great thicknesses are sometimes found 
in close approximation and in a region only a few miles in 
diameter. It is true that these same sets of strata do not 
preserve their full force when followed for indefinite distances. 
Thus the 18,000 feet of Carboniferous grits and shales in Lan- 
cashire, before alluded to, gradually thin out, as Mr. Hull has 
shown, as they extend southward, by attenuation or original 
deficiency of sediment, and not in consequence of subsequent 
denudation, so that when we have followed them for about 100 
miles into Leicestershire, they have dwindled away to a thick- 
ness of only 3,000 feet. In the same region the Carboniferous 
limestone attains so unusual a thickness — namely, more than 
4,000 feet — as to appear to compensate in some measure for the 
deficiency of contemporaneous sedimentary rock. 1 

It is admitted that when two formations are unconformable 
their fossil remains almost always differ considerably. The 
break in the continuity of the organic forms seems connected 
with a great lapse of time, and the same interval has allowed 
extensive disturbance of the strata, and removal of parts of 
them by denudation, to take place. The more we extend our 
investigations the more numerous do the proofs of these breaks 
become, and they extend to the most ancient rocks yet dis- 
covered. The oldest examples yet brought to light in the 
British Isles are on the borders of Ross- shire and Sutherland, shire, 
and have been well described by Sir Roderick Murchison, by 
whom their chronological relations were admirably worked out, 
and proved to be very different from those which previous 
observers had imagined them to be. I had an opportunity in 
the autumn of 1809 of verifying the splendid section given in fig. 
82 by climbing in a few hours from the banks of Loch Assynt to 
the summit of the mountain called Queenaig, 2,673 feet high. 

The formations 1, 2, 3, the Laurentian, Cambrian, and 
Silurian, to be explained in Chapters XXV. and XXVI., not 
only occur in succession in this one mountain, but their un- 
conformable junctions are distinctly exposed to view. 

To begin with the oldest set of rocks, No. 1 ; they consist 
chiefly of hornblendic gneiss, and in the neighbouring Hebrides 

1 Hull, Quart. Geol. Journ. vol. xxiv. p. 322. 1868. 
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form whole islands, attaining a thickness of thousands of feet, 
although they have suffered such contortions and denudation 
that they seldom rise more than a few hundred feet above the 
sea-level. In discordant stratification upon the edges of this 

Fig. 82. 



1 2 3 


Unconformable Palaeozoic strata, Suthcrlanclshire (Murchison). 

1. Laurentian gneiss. 2. Cambrian conglomerate and sandstone. 

3, 3 . Lower Quartzose (Silurian) with annelid burrows. 

gneiss reposes No. 2, a group of conglomerate and purple sand- 
stone referable to the Cambrian (or Longmynd) formation, which 
can elsewhere be shown to be characterised by its peculiar 
organic remains. On this again rests No. 3, a lower member 
of the important group called Silurian, an outlier of which, 3', 
caps the summit of Queenaig, attesting the removal by denu- 
dation of rocks of the same age, which once extended from the 
great mass 3 to 3'. Although this rock now consists of solid 
quartz, it is clear that in its original state it was formed of fine 
sand, perforated by numerous lob- worms or annelids, which left 
their burrows in the shape of tubular hollows (see Chapter XXV. 
figure of Arcnicolitcs ), hundreds, nay thousands, of which I saw 
as I ascended the mountain. 

In Queenaig we only behold this lower quartzose member of 
the Silurian rocks, but I am informed by the Rev. W. S. Sy- 

Fig. 83. 



Diagrammatic section of the same groups near Queenaig (Murchison). 

1. Laurentian gneiss. 2. Cambrian conglomerate and sandstone. S. Lower 
Quartzose (Silurian) with annelid burrows. 8a. Fossiliferous Silurian lime- 
stone. Zb. Upper Quartzose (altered Silurian) with traps. 

monds that there are sections near the base of Queenaig, where 
the fossiliferous limestones (3a, fig. 83) are seen to overlie the 
‘lower quartz rock of Queenaig, 3, while these limestones are 
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themselves surmounted by an upper quartzite, 36, which rises 
into the heights of Glashven and Ben More. Eastward this 
upper quartz rock is overlaid by an upper gneiss, which has 
been confounded with the lower Laurentian gneiss of AsBynt 
(1, figs. 82, 83). The upper gneiss is, however, more micaceous, 
and differs in its mineralogical character, being less crystalline 
and contorted. It is very seldom that in the same country 
one continuous formation, such as the Silurian, is, as in this 
case, more fossiliferous and less altered by volcanic heat in its 
older than in its newer strata, and still more rare to find an 
underlying and unconformable group like the Cambrian retain- 
ing its original condition of a conglomerate and sandstone more 
perfectly than the overlying formation. Here also we may 
remark in regard to the origin of these Cambrian rocks that 
they were evidently produced at the expense of the underlying 
Laurentian, for the rounded pebbles occurring in them are 
identical in composition and texture with that crystalline gneiss 
which constitutes the contorted beds of the inferior formation 
No. 1. When the reader has studied the chapter on meta- 
morphism, and has become aware how much modification by 
heat, pressure, and chemical action is required before the con- 
version of sedimentary into crystalline strata can be brought 
about, he will appreciate the insight which we thus gain into 
the date of the changes which had already been effected in the 
Laurentian rocks long before the Cambrian pebbles of quartz 
and gneiss were derived from them. The Laurentian is esti- 
mated by Sir William Logan to amount in Canada to 30,000 
feet in thickness. As to the Cambrian it is supposed by Sir 
Roderick Murchison that the fragment left in Sutherlandshire 
is about 3,500 feet thick, and in Wales and the borders of 
Shropshire this formation may equal 10,000 feet, while the 
Silurian strata, No. 3, difficult as it may be to measure them in 
their various foldings to the eastward, where they have been 
invaded by intrusive masses of granite, are supposed many 
times to surpass the Cambrian in volume and density. 

But although wo are dealing here with stratified rocks, each 
of which would be several miles in thickness if they were fully 
represented, the whole of them do not attain the elevation of 
a single mile above the level of the sea. 

Computation of tbe average annual amount of subaerial 
denudation. — The geology of the district above alluded to may 
assist our imagination in conceiving the extent to which groups 
of ancient rocks, each of which may in their turn have .formed 
continents and oceanic basins, have been disturbed, folded, and 
denuded even in the course of a few out of many of those geo-* 
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logical periods to which our imperfect records relate. It is not 
easy for us to over-estimate the effects which causes in everyday 
action must produce when the multiplying power of time is 
taken into account. 

Attempts were made by Manfredi in 1736, and afterwards by 
Playfair, in 1802, to calculate the time which it would require to 
enable the rivers to deliver over the whole of the land into the 
basin of the ocean. The data were at first too imperfect and 
vague to allow them even to approximate to safe conclusions. 
But in our own time similar investigations have been renewed 
with more prospect of success, the amount brought down by 
many large rivers to the sea having boen more accurately ascer- 
tained. Mr. Alfred Tylor, in 1850, inferred that the quantity 
of detritus now being distributed over the sea-bottom would, at 
the end of 10,000 years, cause an elevation of the sea- level to 
the extent of at least three inches. 1 Subsequently, Mr. Croll in 
1867, and again, with more exactness, in 1868, deduced from the 
latest measurement of the Bediinent transported by European 
and American rivers, the rate of subaerial denudation to which 
the surface of large continents is exposed, taking especially the 
hydrographical basin of the Mississippi as affording the best 
available measure of the average waste of the land. The con- 
clusion arrived at in his able memoir, 2 was that the whole terres- 
trial surface is denuded at the rate of one foot in 6,000 years, 
and this opinion was simultaneously enforced by his fellow- 
labourer, Mr. Geikie, who, being jointly engaged in the same line 
of enquiry, published a luminous essay on the subject in 1868. 

The student, by referring to my c Principles of Geology/ 3 may 
see that Messrs. Humphrey and Abbot, during their survey of 
the Mississippi, attempted to make accurate measurements of 
the proportion of sediment carried down annually to the sea by 
that river, including not only the mud held in suspension, but 
also the sand and gravel forced along the bottom. 

It is evident that when we know the dimensions of the area 
which is drained, and the annual quantity of earthy matter 
taken from it and borne into the sea, we can affirm how much 
on an average has been removed from the general surface in one 
year, and there seems no danger of our overrating the mean 
rate of waste by selecting the Mississippi as our example, for 
that river drains a country equal to more than half the continent 
of Europe, extends through twenty degrees of latitude, and 
therefore through regions enjoying a great variety of climate, 
and .some of its tributaries descend from mountains of great 

1 Tylor , Phil. Mag. 4th series, p. 2 Croll, Phil. Mag. 1868, p. 381. 

• 268. 1860. a Vol. i. p. 464. 1872. 
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height. The Mississippi is also more likely to afford us a fair 
test of ordinary denudation, because, unlike the St. Lawrence 
and its tributaries, there are no great lakes in which the fluvia- 
tile sediment is thrown down and arrested on its way to the sea. 
In striking a general average we -have to remember that there 
are large deserts in which there is scarcely any rainfall, and 
tracts which are as rainless as parts of Peru, and these must 
not be neglected as counterbalancing others, in the tropics, 
where the quantity of rain is in excess. If then, argues 
Mr. Geikie, we assume that the Mississippi is lowering the 
surface of the great basin which it drains at the rate of 1 foot 
in 6,000 years, 10 feet in GO, 000 years, 100 feet in 600,000 years, 
and 1,000 feet in 6,000,000 years, it would not require more 
than about 4,500,000 years to wear away the whole of the 
North American continent, if its mean height is "correctly esti- 
mated by Humboldt at 748 feet. And if the mean height of all 
the land now above the sea throughout the globe is 1,000 feet, 
as some geographers believe, it would only require six million 
years to subject a mass of rock equal in volume to the whole of 
the land to the action of subaerial denudation. Tt may be 
objected that the annual waste is partial, and not equally 
derived from the general surface of the country, inasmuch as 
plains, watersheds, and level ground at all heights remain com- 
paratively unaltered ; but this, as Mr. Geikie has well pointed 
out, does not affect our estimate of the sum total of denudation. 
The amount remains the same, and if we allow too little for 
the loss from the surface of table-lands we only increase the pro- 
portion of the loss sustained by the sides and bottoms of the 
valleys, and vice verm. 1 

Antagonism of volcanic force to the levelling power of 
running water. — In all these estimates it is assumed that the 
entire quantity of land above the sea-level remains on an average 
undiminishod in spite of annual waste. Were it otherwise the 
subaerial denudation would be continually lessened by the 
diminution of the height and dimensions of the land exposed to 
waste. Unfortunately we have as yet no accurate data enabling 
us to measure the action of that force by which the inequalities 
of the surface of the earth’s crust may be restored and the 
height of the continents and depth of the seas made to continue 
unimpaired. I stated in 1830 in the ‘ Principles of Geology,’ 2 
that running water and volcanic action are two antagonistic 
forces ; the one labouring continually to reduce the whole of 

1 Trans. Geol. Soc. Glasgow, vol. see also 1 1 tli c<l. vol. i. chap. xv. 

lii. p. 1G9. p. tli? Ip 1807. 
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the land to the level of the sea, the other to restore and main- 
tain the inequalities of the crust on which the very existence of 
islands and continents depends. I stated, however, that when 
we endeavour to form some idea of the relation of these de- 
stroying and renovating forces, we must always bear in mind 
that it is not simply by upheaval that subterranean movements 
can counteract the levelling force of running water. For 
whereas the transportation of sediment from the land to the 
ocean would raise the general sea-level, the subsidence of the 
sea-bottom by increasing its capacity would choc v. this rise and 
prevent the submergence of the land. I have, indeed, en- 
deavoured to show that unless wo assume that there is, on the 
whole, more subsidence than upheaval, we must suppose the 
diameter of the planet to be always increasing, by that quantity 
of volcanic matter which is annually poured out in the shape of 
lava or ashes, whether on the land or in the bed of the sea, and 
which is derived from the interior of the earth. The abstraction 
of this matter causes, no doubt, subterranean vacuities and a 
corresponding giving way of the surface ; if it were not so, the 
average density of parts of the interior would be always lessen- 
ing and the size of the planet increasing. 1 

Our inability to estimate the amount or direction of the 
movements due to volcanic power by no means renders its 
efficacy as a land-preserving force in past times a mere matter 
of conjecture. The student will see in Chapter XXI Y. that we 
have proofs of Carboniferous forests hundreds of miles in extent 
which grew on the lowlands or deltas near the sea, and which 
subsided and gave place to other forests, until in some regions 
fluviatile and shallow- water strata, with occasional seams of coal, 
were piled one over the other, till they attained a thickness 
of many thousand feet. Such accumulations, observed in Great 
Britain and America on opposite sides of the Atlantic, imply 
the long-continued existence of land vegetation, and of rivers 
draining a former continent placed where there is now deep sea. 

It will be also seen in Chapter XXY. that we have evidence 
of a rich terrestrial flora, the Devonian, even more ancient than 
the Carboniferous ; while, on the other hand, the later Triassic, 
Oolitic, Cretaceous, and successive Tertiary periods have all 
supplied us with fossil plants, insects, or terrestrial mammalia ; 
showing, that in spite of great oscillations of level and continued 
changes in the position of land and sea, the volcanic forces have 
maintained a due proportion of dry land. We may appeal also 
to freshwater formations, such as the Purbeck and Wealden, to 


1 Principles, vol. ii. p. 240. 1872 j also 1st ed, p. 447. 1830. 
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prove that in the Oolitic and Neocomian eras there were rivers 
draining ancient lands in Europe in times .when we know that 
other spaoes, now above water, were submerged. 

Bow for the transfer of sediment from the land to a 
neighbouring: sea-bottom may affect subterranean move- 
ments. — Little as we understand at present the laws which 
govern the distribution of volcanic heat in the interior and crust 
of the globe, by which mountain chains, high table-lands, and 
the abysses of the ocean are formed, it seems clear that this 
heat is the prime mover on which all the grander features in the 
external configuration of the plane t depend. 

It has been suggested that the stripping off by denudation of 
dense masses from one part of a continent and the delivery of 
the same into the bed of the ocean must have a decided effect 
in causing changes of temperature in the earth’s crust below, or, 
in other words, in causing the subterranean isothermals to shift 
their position. If this be so, one part of the crust may be made 
to rise, and another to sink, by the expansion and contraction 
of the rocks, of which the temperature is altered. 

I cannot, at present, discuss this subject, of which I have 
treated more fully elsewhere, 1 but may state here that I believe 
this transfer of sediment to play a very subordinate part in 
modifying those movements on which the configuration of the 
earth’s crust depends. In order that strata of shallow-water 
origin should be able to attain a thickness of several thousand 
feet, and so come to exert a considerable downward pressure, 
there must have been first some independent and antecedent 
causes at work which have given rise to the incipient, shallow 
receptacle in which tlio sediment began to accumulate. Tho 
same causes there continuing to depress the sea bottom, room 
would be made for fresh accessions of sediment, and it would 
only be by a long repetition of the depositing process that the 
new matter could accumulate in sufficient quantity to check the 
outward escape of heat, and thus to affect the temperature of the 
rocks far below, so as to increase or diminish their volume. 

Permanence of continental and oceanic areas. — If the 
thickness of more than 40,000 feet of sedimentary strata before 
alluded to in the Appalachians proves a preponderance of down- 
ward movements in Palaeozoic times in a district now forming 
the eastern border of North America, it also proves, as before 
hinted, the continued existence and waste of some neighbouring 
continent, probably formed of Laurentian rocks, and situated 
where the Atlantic now prevails. Such an hypothesis would be 


1 Principles, vol. ii. p. 281. 1872. 
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in perfect harmony with the conclusions forced upon us by the 
study of the present configuration of our continents, and the 
relation of their height to the depth of the oceanic basins ; — 
also to the considerable elevation and extent sometimes reached 
by drift containing shells of recent species, and still more by 
the fact of sedimentary strata, several thousand feet thick, as 
those of central Sicily, or such as flank the Alps and Apennines, 
containing fossil mollusca sometimes almost wholly identical with 
species still living. 

I have remarked elsewhere 1 * that upward and downward 
movements of 1,000 feet or more would turn much land into 
sea, and sea into land in the continental areas and their borders, 
whereas oscillations of equal magnitude would have no corre- 
sponding effect in the bed of the ocean generally, believed as it 
is to have a mean depth of 15,000 or at least 12,000 feet. It is 
probable, from soundings made during the laying of electric 
telegraph cables and dredging expeditions, that the greatest 
depths of the sea do not exceed the greatest heights of the land ; 
it may, therefore, seem strange that the mean depth of the sea 
should exceed the mean height of the land twelve times, even 
taking the lowest estimate of the ocean depths as given by tho 
late deep-sea soundings. 8 This apparent anomaly arises from 
the fact that the extreme heights of the land are exceptional 
and confined to a small part of its surface ; while the ocean 
maintains its great depth over enormous areas. The capacity 
of the basin of the ocean may be perhaps best understood by 
the following illustration : — If an exact model were made in ice 
of all the land above the level of the sea it would take twelve 
such models when melted to fill an ocean having the same 
superficial area as the land, and as the entire surface of the ocean 
as compared to that of the land is as two-and-a-half to one, it 
would be necessary to have thirty ice-models of the land abovo 
tho sea-level in order to furnish sufficient water to fill the basin 
of our present oceans. Subaerial denudation would not of it- 
self lessen the area of the land, but would tend to fill up with 
sediment seas of moderate depth adjoining the coast. The 
coarser matter falls to the bottom near the shore in the first 
still-water which it reaches, and whenever the sea-bottom on 
which this matter has been thrown is slightly elevated, it be- 
comes land, and an upheaval of a thousand feet causes it to 
attain the mean elevation of continents in general. 

Suppose, therefore, we had ascertained that the triturating 

1 Principles, vol. i. p. 269. 1872. 

8 Wyville Thomson, Depths of the Sea, p. 81. 1873. 
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power of subaerial denudation might in a given time — in three, 
or six, or a greater number of millions of years — pulverise a 
volume of rock equal in dimensions to all the present land, we 
might yet find, could we revisit the earth at the end of such a 
period, that the continents occupied very much the same posi- 
tion which they held before ; we should find the rivers employed 
in carrying down to the sea the very same mud, sand, and 
pebbles with which they had been charged in our own time, the 
superficial alluvial matter as well as a great thickness of sedi- 
mentary strata would enclose shells, all or a great part of which 
we should recognise as specifically identical with those already 
known to us as living. Every geologist is aware that great as 
have been the geographical changes in the northern hemisphere 
since the commencement of the Glacial Period, there having 
been submergence and re-emergence of land to the extent of 
1,000 feet vertically, and in the temperate latitudes great vi- 
cissitudes of climate, the marine mollusca have not changed, 
and the same drift which had been carried down to the sea at 
the beginning of the period is now undergoing a second trans- 
portation in the same direction. 

As when we have measured a fraction of time in an hour- 
glass we have only to reverse the position of our chronometer 
and we make the same sand measure over again the duration of 
a second equal period, so when the volcanic force has remoulded 
the form of a continent and the adjoining sea-bottom, the 
same materials are made to do duty a second time. It is true 
that at each oscillation of level the solid rocks composing the 
original continent suffer some fresh denudation, and do not 
remain unimpaired like the wooden and glass framework of the 
hour-glass, still the wear and tear suffered by the larger area 
exposed to subaerial denudation consists either of loose drift 
or of sedimentary strata, which were thrown down in seas near 
the land, and subsequently upraised, the same continents and 
oceanic basins remaining in existence all the while. 

From all that we know of the extreme slowness of the upward 
and downward movements which bring about even slight geo- 
graphical changes, we may infer that it would require a long 
succession of geological periods to cause the submarine and 
supramarine areas to change places, even if the ascending move- 
ments in the one region and the descending in the other were 
continuously in one direction. But we have only to appeal to 
the structure of the Alps, where there are so many shallow and 
deep-water formations of various ages crowded into a limited 
area, to convince ourselves that mountain chains are the result 
of great oscillations of level. High land is not produced simply* 
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by uniform upheaval, but by a predominance of elevatory over 
subsiding movements. Where the ocean is extremely deep it is 
because the sinking of the bottom has been in excess, in spite 
of interruptions by upheaval. 

Yet persistent as may be the leading features of land and 
sea on the globe, they are not immutable. Some of the finest 
mud is doubtless carried to indefinite distances from the coast 
by marine currents, and we are taught by deep-sea dredgings 
that in clear water at depths equalling the height of the Alps 
organic beings may flourish, and their spoils slowly accumulate 
on the bottom. We also occasionally obtain evidence that sub- 
marine volcanoes are pouring out ashes and streams of lava in 
mid-ocean as well as on land (see Principles, vol. ii. p. 64), and 
that wherever mountains like Etna, Vesuvius, and the Canary 
Islands are now the site of eruptions, there are signs of accom- 
panying upheaval, by which beds of ashes full of recent marine 
shells have been uplifted many hundred feet. We need not be 
surprised, therefore, if we learn from geology that the con- 
tinents and oceans were not always placed where they now 
are, although the imagination may well be overpowered when 
it endeavours to contemplate the quantity of time required for 
such revolutions. 

We shall have gained a great step if we can approximate to 
the number of millions of years ip which the average aqueous 
denudation going on upon the land would convey seaward a 
quantity of matter equal to the average volume of our con- 
tinents, and this might give us a gauge of the minimum of 
volcanic force necessary to counteract such levelling power of 
running water ; but to discover a relation between these great 
agencies and the rate at which species of organic beings vary, is 
at present wholly beyond the reach of our computation, though 
perhaps it may not prove eventually to transcend the powers of 
Man. 


F 
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CHAPTER VIII. 

CHRONOLOGICAL CLASSIFICATION OF ROCKS. 

Aqueous, plutonic, volcanic, and metamorpliie rocks considered chronolo- 
gically — Terms Primary, Secondary, and Tertiary ; PaLuozoic, Mesozoic, 
and Gainozoic explained — On the different ages of the aqueous rocks — 
Three principal tests of relative age: superposition, mineral character, and 
fossils — Change of mineral character and fossils in the same continuous 
formation — Proofs that distinct species of animals and plants have lived 
at successive periods — Distinct provinces of indigenous species — Groat 
extent of single provinces — Similar laws prevailed at successive geological 
periods — Relative importance of mineral and paleontological characters — 
Test of ago by included fragments — Frequent abseuce of strata of inter- 
vening periods — Tabular views of fossiliferous strata. 

Chronology of rocks. — In the first chapter it was stated that 
the four great classes of rocks, the aqueous, the volcanic, the 
plutonic, and the metamorpliie, would each he considered not 
only in reference to their mineral characters, and mode of 
origin, but also to their relative age. In regard to the aqueous 
rocks, we have already seen that they are stratified, that some 
are calcareous, others argillaceous or siliceous, some made up 
of sand, others of pebbles ; that some contain freshwater, others 
marine fossils, and so forth ; but the student has still to learn 
which rocks, exhibiting some or all of these characters, have 
originated at one period of the earth’s history, and which at 
another. 

To determine this point in reference to the fossiliferous for- 
mations is more easy than in any other class, and it is therefore 
the most convenient and natural method to begin by establishing 
a chronology for these strata, and then to refer as far as possible 
to the same divisions, the several groups of plutonic, volcanic, 
and metamorpliie rocks. Such a system of classification is not 
only recommended by its greater clearness and facility of appli- 
cation, but is also best fitted to strike the imagination by 
bringing into one view the contemporaneous revolutions of the 
inorganic and organic creations of former times. For the sedi- 
mentary formations are most readily distinguished by the diffe- 
rent species of fossil animals and plants which they inclose,, and 
of which one set after another has flourished and then disap- 
peared from the earth in succession. 
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In the present work, therefore, the four great classes of rocks, 
the aqueous, plutonic, volcanic, and nietamorphic, will form 
four parallel, or nearly parallel, columns in one chronological 
table. They will be considered as four sets of monuments 
relating to four contemporaneous, or nearly contemporaneous, 
series of events. J shall endeavour, in a subsequent chapter on 
the plutonic rocks, to explain the manner in which certain 
masses belonging to each of the four classes of rocks may have 
originated simultaneously at every geological period, and how 
the earth’s crust may have been continually remodelled, above 
and below, by aqueous and igneous causes, from times indefi- 
nitely remote. In the same manner as aqueous and fossiliferous 
strata are now formed in certain seas or lakes, while in other 
places volcanic rocks break out at the surface, and are connected 
with reservoirs of melted matter at vast depths in the bowels of 
the earth, — so, at every era of the past, fossiliferous deposits 
and superficial igneous rocks were in progress contemj)oraneously 
with others of subterranean and plutonic origin, and some sedi- 
mentary strata were exposed to heat, and made to assume a 
crystalline or met amorphic structure. 

It can by no means be taken for granted, that during all these 
changes the solid crust of the earth has been increasing in thick- 
ness. It has been shown, that so far as aqueous action is con- 
cerned, the gain by fresh deposits, and the loss by denudation, 
must at each period have been equal (see above, p. 73) ; and in 
like manner, in the inferior portion of the earth’s crust, the 
acquisition of new crystalline rocks, at each successive era, may 
merely have counterbalanced the loss sustained by the melting 
of materials previously consolidated. As to the relative anti- 
quity of the crystalline foundations of the earth’s crust, when 
compared to the fossiliferous and volcanic rocks which they 
support, I have already stated, in the first chapter, that to 
pronounce an opinion on this matter is as difficult as at once to 
decide which of the two, whether the foundations or super- 
structure of an ancient city built on wooden piles, may be the 
oldest. We have seen that, to answer this question, we must 
first be prepared to say whether the work of decay and restora- 
tion had gone on most rapidly above or below ; whether the 
average duration of the piles has exceeded that of the buildings, 
or the contrary. So also in regard to the relative age of the 
superior and inferior portions of the earth’s crust ; we cannot 
hazard even a conjecture on this point, until we know whether, 
upon <m average, the power of water above, or that of heat be- 
low, is most efficacious in giving new forms to solid matter. 

* The early geologists gave to all the crystalline and non-fossili- 
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ferous rocks the name of primitive or Primary, under the idea 
that they were formed anterior to the appearance of life upon 
the earth, while the aqueous or fossiliferous strata were termed 
Secondary, and alluviums or other superficial deposits, Tertiary. 
The meaning of these terms has, however, been gradually modi- 
fied with advancing knowledge, and they are now used to 
designate three great chronological divisions under which all 
geological formations can be classed, each of them being charac- 
terised by the presence of distinctive groups of organic remains 
rather than by any mechanical peculiarities of the strata them- 
selves. If, therefore, we retain the term ‘ primary,’ it must not 
be held to designate a set of crystalline rocks some of which 
have been proved to be even of Tertiary age, but must be 
applied to all rocks older than the secondary formations. Some 
geologists, to avoid misapprehension, have introduced the term 
Palaeozoic for primary, from r raXmor, ‘ ancient,’ and cwor, ‘an 
organic being,’ still retaining the terms secondary and tertiary ; 
Professor Phillips, for the sake of uniformity, has proposed 
Mesozoic, for secondary, from fitanc, ‘middle,’ Ac. ; and Caino- 
zoic, for tertiary, from Kmvnr , ‘ recent, * Ac. ; but the terms 
primary, secondary, and tertiary have the claim of priority in 
their favour, and are of corresponding value. 

It may perhaps be suggested that some me tain orphic strata, 
and some granites, may be anterior in date to the oldest of the 
primary fossiliferous rocks. This opinion is doubtless true, and 
will be discussed in future chapters ; but 1 may here observe, 
that when we arrange the four classes of rocks in four parallel 
columns in one table of chronology, it is by no means assumed 
that these columns are all of equal length ; one may begin at an 
earlier period than the rest, and another may come down to a 
later point of time, and we may not be yet acquainted with the 
most ancient of the primary fossiliferous rocks, or with the 
newest of the liypogene or netlierformed ($ee p. 10). 

For reasons already stated, I proceed first to treat of the 
aqueous or fossiliferous formations considered in chronological 
order or in relation to the different periods at which they have 
been deposited. 

There are three principal tests by which we determine the age 
of a given set of strata ; first, superposition ; secondly, mineral 
character ; and, thirdly, organic remains. Some aid can occa- 
sionally be derived from a fourth kind of proof, namely, the 
fact of one deposit including in it fragments of a pre-existing 
rock, by which the relative ages of the two may, even in the 
absence of all other evidence, be determined. 

Superposition. — The first and principal lest of the age of one' 
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aqueous deposit, as compared to another, is relative position. 
It has been already stated, that, where strata are horizontal, 
the bed which lies uppermost is the newest of the whole, and 
that which lies at the bottom the most ancient. So, of a series 
of sedimentary formations, they are like volumes of history, in 
which each writer has recorded the annals of his own times, and 
then laid down the book, with the last written page uppermost, 
upon the volume in which the events of the era immediately 
preceding were commemorated. In this manner a lofty pile of 
chronicles is at length accumulated ; and they are so arranged 
as to indicate, by their position alone, the order in which the 
events recorded in them have occurred. 

In regard to the crust of the earth, however, there are some 
regions where, as the student has already been informed, the 
beds have been disturbed, and sometimes extensively thrown 
over and turned upside down. (See pp. 50, 04.) But an ex- 
perienced geologist can rarely be deceived by these exceptional 
cases. 'When he finds that the strata are fractured, curved, 
inclined, or vertical, he knows that the original order of super- 
position must be doubtful, and he then endeavours to find 
sections in some neighbouring district where the strata are 
horizontal, or only slightly inclined. Here, the true order of 
sequence of the entire series of deposits being ascertained, a key 
is furnished for settling the chronology of those strata where the 
displacement is extreme. 

mineral character. — The same rocks may often be observed 
to retain for miles, or even hundreds of miles, the same mineral 
peculiarities, if we follow the planes of stratification, or trace 
the beds, if they be undisturbed, in a horizontal direction. 
But if we pursue them vertically, or in any direction transverse 
to the planes of stratification, this uniformity ceases almost 
immediately. In that case we can scarcely ever penetrate a 
stratified mass for a few hundred yards without beholding a 
succession of extremely dissimilar rocks, some of fine, others of 
coarse grain, some of mechanical, others of chemical origin ; 
some calcareous, others argillaceous, and others siliceous. These 
phenomena lead to the conclusion, that rivers and currents have 
dispersed the same sediment over wide areas at one period, but 
at successive periods have been charged, in the same region, 
with very different kinds of matter. The first observers were 
so astonished at the vast spaces over which they were able to 
follow the same homogeneous rocks in a horizontal direction, 
that, they came hastily to the opinion, that the whole globe had 
been environed by a succession of distinct aqueous formations, 
disposed round the nucleus of the planet, like the concentric 
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coats of an onion. But, although, in fact, some formations may 
be continuous over districts as large as half of Europe, or even 
more, yet most of them either terminate wholly within narrower 
limits, or soon change their lithological character. Sometimes 
they thin out gradually, as if the supply of sediment had failed 
in that direction, or they come abruptly to an end, as if we had 
arrived at the borders of the ancient sea or lake which served as 
their receptacle. It no less frequently happens that they vary 
in mineral aspect and composition, as we pursue them hori- 
zontally. For example, we trace a limestone for a hundred 
miles, until it becomes more arenaceous, and finally passes into 
sand, or sandstone. We may then follow this sandstone, 
already proved by its continuity to be of the same age, through- 
out another district a hundred miles or more in length. 

Organic remains. — This character must be used as a test of 
the age of a formation or of the contemporaneous origin of two 
deposits in distant places, under very much the same restrictions 
as the test of mineral composition. 

First, the same fossils may be traced over wide regions, if wo 
examine strata in the direction of their planes, although by no 
means for indefinite distances. Secondly, while the same fossils 
prevail in a particular set of strata for hundreds of miles in a 
horizontal direction, we seldom meet with the same remains for 
many fathoms, and very rarely for several hundred yards, in a 
vertical direction, or a direction transverse to the strata. This 
fact has now been verified in almost all parts of the globe, and 
has led to a conviction, that at successive periods of the past, the 
same area of land and water has been inhabited by species of 
animals and plants even more distinct than those which now 
people the antipodes, or which now co-exist in the arctic, tem- 
perate, and tropical zones. It appears, that from the remotest 
periods there has been ever a coining in of new organic forms, 
and an extinction of those which pre-existed on the earth ; some 
species have endured for a longer, others for a shorter, time ; 
while none have ever re-appeared after once dying out. The law 
which has governed the succession of species, whether we adopt 
or reject the theory of transmutation, seems to be expressed in 
the verse of the poet, — 

Natura il fece, c poi ruppe la stampa. Ariosto. 

Nature made him, and then broke the die. 

And this circumstance it is, which confers on fossils then* 
highest value as chronological tests, giving to each of them,* in 
the eyes of the geologist, that authority which belongs to con- 
temporary medals in history. 
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The same cannot be said of each peculiar variety of rock ; 
for some of these, as red marl and red sandstone, for example, 
may occur at once at the top, bottom, and middle of the entire 
sedimentary series ; exhibiting in each position so perfect an 
identity of mineral aspect as to be undistinguisliable. Such 
exact repetitions, however, of the same mixtures of sediment have 
not often been produced, at distant periods, in precisely the same 
parts of the globe ; and even where this has happened, we are 
not in any danger of confounding together the monuments of 
remote eras, when we have studied their imbedded fossils and 
their relative position. 

Zoological provinces. — It was remarked that the same 
specios of organic remains cannot be traced horizontally, or in 
the direction of the planes of stratification for indefinite dis- 
tances. This might have been expected from analogy ; for when 
we enquire into the present distribution of living beings we find 
that the habitable surface of the sea and land may be divided 
into a considerable number of distinct areas or provinces, each 
peopled by a peculiar assemblage of animals and plants. In 
the Principles of Geology, I have endeavoured to point out the 
extent and probable origin of these separate divisions ; and it 
was shown that climate is only one of many causes on which 
they depend, and that difference of longitude as well as latitude 
is generally accompanied by a dissimilarity of indigenous species. 

As different seas, therefore, and lakes are inhabited, at the 
same period in different zones and depths, by different aquatic 
animals and plants, and as the lands adjoining these may be 
peopled by distinct terrestrial species, it follows that distinct 
fossils will be imbedded in contemporaneous deposits. If it 
were otherwise — if the same species abounded in every climate, 
or in every part of the globe where, so far as we can discover, 
a corresponding temperature and other conditions favourable to 
their existence are found — the identification of mineral masses 
of the same age, by means of their included organic contents, 
would be a matter of still greater certainty. 

Nevertheless, the extent of some single zoological provinces, 
especially those of marine animals, is very great ; and our 
geological researches have proved that the same laws prevailed 
at remote periods ; for the fossils are often identical throughout 
wide spaces, and in detached deposits, consisting of rocks, vary- 
ing entirely in their minoral nature. 

The doctrine here laid down will be more readily understood, 
if # we reflect on what is now going on in the Mediterranean* 
That entire sea may be considered as one zoological province ; 
for although certain species of testacea and zoophytes may be 
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very local, and each region, according to its depth, the tempera- 
ture and saltness of the water and other conditions, has pro- 
bably some species peculiar to it, still a considerable number 
are common to the whole Mediterranean. If, therefore, at 
some future period, the bed of this inland sea should be con- 
verted into land, the geologist might be enabled, by reference 
to organic remains, to prove the contemporaneous origin of 
various mineral masses scattered over a space equal in area to 
half of Europe. 

Deposits, for example, are well known to be now in progress 
in this sea in the deltas of the Po, Rhone, Nile, and other rivers, 
which differ as greatly from each other in the nature of their 
sediment as does the composition of the mountains which they 
drain. There are also other quarters of the Mediterranean, as 
off the coast of Campania, or near the base of Etna, in Sicily, or 
in the Grecian Archipelago, where another class of rocks is now 
forming ; where showers of volcanic ashes occasionally fall into 
the sea, and streams of lava overflow its bottom ; and where, in 
the intervals between volcanic eruptions, beds of sand and clay 
are frequently derived from the waste of cliffs, or the turbid 
waters of rivers. Limestones, moreover, such as the Italian 
travertins, are here and there precipitated from the waters of 
mineral springs, some of which rise up from the bottom of the 
sea. In all these detached formations, so diversified in their 
lithological characters, the remains of the same shells, corals, 
Crustacea, and fish are becoming enclosed ; or, at least, a suffi- 
cient number must be common to the different localities to 
enable the zoologist to refer them all to one contemporaneous 
assemblage of species. 

There are, however, certain combinations of geographical 
circumstances which cause distinct provinces of animals and 
plants to be separated from each other by very narrow limits ; 
and hence it must happen that strata will be sometimes formed 
in contiguous regions, differing widely both in mineral contents 
and organic remains. Thus, for example, the testacea, zoophytes, 
and fish of the Red Sea are, as a group, extremely distinct from 
those inhabiting the adjoining parts of the Mediterranean, the 
narrow isthmus of Suez (which until the opening of the canal 
in the last few years separated the two seas) having acted as an 
efficient barrier. Calcareous formations have accumulated on a 
great scale in the Red Sea in modern times, and fossil shells of 
existing species are well preserved therein ; and we know that 
at the mouth of the Nile large deposits of mud are amassed, in- 
cluding the remains of Mediterranean species. It follows, there- 
fore, that if at some future period the bed of the Red Sea 
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should be laid dry, the geologist might experience great difficul- 
ties in endeavouring to ascertain the relative age of these forma- 
tions, which, although dissimilar both in organic and mineral 
characters, were of synchronous origin. 

But, on the other hand, we must not forget that the north- 
western shores of the Arabian Gulf, the plains of Egypt, and 
the Isthmus of Suez, are all parts of one province of terrestrial 
species. Small streams, therefore, occasional land-floods, and 
those winds which drift clouds of sand along the deserts might 
carry down into the Red Sea the same shells of fluviatilo and 
land testacea which the Nile is sweeping into its delta, together 
with some remains of terrestrial plants and the bones of quad- 
rupeds, whereby the groups of strata, before alluded to, might, 
notwithstanding the discrepancy of their mineral composition 
and marine organic fossils, be shown to have belonged to the 
same epoch. 

Yet while rivers may thus carry down the same fluviatile and 
terrestrial spoils into two or more seas inhabited by different 
marine species, it will much more frequently happen, that the 
co-existence of terrestrial species of distinct zoological and 
botanical provinces will be proved by the identity of the marine 
beings which inhabited the intervening space. Thus, for ex- 
ample, the land quadrupeds and shells of the valley of the Missis- 
sippi, of Central America, and of the West India Islands differ 
very considerably, yet their remains are all washed down by 
rivers flowing from these three zoological provinces into the 
Gulf of Mexico. 

In some parts of the globe, at the present period, the line of 
demarcation between distinct provinces of animals and plants 
is not very strongly marked, especially where the change is 
determined by temperature, as it is in seas extending from the 
temperate to the tropical zone, or from the temperate to the 
arctic regions. Here a gradual passage takes place from one set 
of species to another. In like manner the geologist, in study- 
ing particular formations of remote periods, has sometimes been 
able to trace the gradation from one ancient province to another, 
by observing carefully the fossils of all the intermediate places. 
His success in thus acquiring a knowledge of the zoological or 
botanical geography of very distant eras has been mainly owing 
to this circumstance, that the mineral character lias no tendency 
to be affected by climate. A large river may convey yellow or 
red mud into some part of the ocean, where it may be dispersed 
by a current over an area several hundred leagues in length, 
so as to pass from the tropics into the temperate zone. If the 
bottom of the sea be afterwards upraised, the organic remains 
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imbedded in such yellow or red strata may indicate the differ- 
ent animals or plants which once inhabited at the same time the 
temperate and equatorial regions. 

It may be true, as a general rule, that groups of the same 
species of animals and plants may extend over wider areas than 
deposits of homogeneous composition ; and if so, paleontolo- 
gical characters will be of more importance in geological classifi- 
cation than the test of mineral composition ; but it is idle to 
discuss the relative value of these tests, as the aid of both is 
indispensable, and it fortunately happens, that where the one 
criterion fails, we can often avail ourselves of the other. 

Test by Included fragments of older rooks. — It was stated 
that j>roof may sometimes be obtained of the relative date of 
two formations, by fragments of an older rock being included 
in a newer one. This evidence may sometimes be of great use, 
where a geologist is at a loss to determine the relative age of 
two formations from want of clear sections exhibiting their true 
order of position, or because the strata of each group are 
vertical. In such cases we sometimes discover that the more 
modem rock has been in part derived from the degradation of 
the older. Thus, for example, wo may find chalk in one part 
of a country, and in another strata of clay, sand, and pebbles. 
If some of these pebbles consist of that peculiar flint, of which 
layers more or less continuous are characteristic of the chalk, 
and which include fossil shells, sponges, and foraminifera of 
cretaceous species, we may confidently infer that the chalk was 
the oldest of the two formations. 

Chronological groups. — The number of groups into which 
the fossiliferous strata may be separated are more or less nume- 
rous, according to the views of classification which different 
geologists entertain ; but when we have adopted a certain sys- 
tem of arrangement, we immediately find that a few only of the 
entire series of groups occur one upon the other in any single 
section or district. 

The thinning out of individual strata was before described 


Fig. 84. 



(p. 17). But let the annexed diagram represent seven fossili- 
ferous groups, instead of as many strata. It will then be *cocn 
that in the middle all the superimposed formations are present ; 
but in consequence of some of thorn thinning out, No. 2 and 
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No. 5 are absent at one extremity of the section, and No. 4 at 
the other. 

In another diagram, fig. 85, a true section of the geological 
formations in the neighbourhood of Bristol and the Mendip 
Hills is presented to the reader, as laid down on a natural scale 
by Professor Ramsay, where the newer groups 1, 2, 3, 4 rest 
unconformably on the formations 5, 6, 7, and 8. At the 
southern end of the lino of section we meet with the bods No. 3 
(the New Red Sandstone) resting immediately on Nos. 7 and 8, 
while farther north, as at Dundry Hill in Somersetshire, wo 
have eight groups superimposed one upon the other, comprising 
all the strata from the inferior oolite, No. 1, to the coal and 
carboniferous limestone. The limited horizontal extension of 


Fig. 85. 

Lyunrtrj/f/iii. 
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^PPer coal Measures • 


Coal Measures. , 
° n iferotisZTI i mestTdTie-C. 


Section South of Bristol. (A. C. Ramsay.) 

Length of section 4 miles. a, b. Level of the sen. 

1 . Inferior Oolite. 2. Lias. 3 . New Red Sandstone. 4. Dolomitic or magnesian con- 
glomerate. f>. Upper coal measures (shales, &u.). (>. Pennant rock (sandstone). 
7. Lower coal measures (shales, &e.). 8. Carboniferous or mountain limestone, 

I). Old red sandstone. 


the groups 1 and 2 is owing to subsequent denudation, as these 
formations end abruptly, and have left outlying patches to attest 
the fact of their having originally covered a much wider area. 

In order, therefore, to establish a chronological succession of 
fossiliferous groups, a geologist must begin with a single section 
in which several sets of strata lie one upon the other. He must 
then trace these formations, by attention to their mineral cha- 
racter and fossils, continuously as far as possible, from the 
starting point. As often as he meets with new groups, ho must 
ascertain by superposition their age relatively to those first 
examined, and thus learn how to intercalate them in a tabular 
arrangement of the whole. 

By this means the German, French, and English geologists 
hajp determined the succession of strata throughout the greater 
part of Europe, and have adopted xmetty generally the following 
groups, almost all of which have their representatives in the 
British Islands. 
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ABRIDGED GENERAL TABLE OF FOSSILIFEROUS 
STRATA. 


1. RECENT. 

2. PLEISTOCENE. 

3. NEWER PLIOCENE. 

4. OLDER PLIOCENE. 

C. UrrER MIOCENE. 

C. LOWER MIOCENE. 

7. UPPER EOCENE. 

8. MIDDLE EOCENE. 

9. LOWER EOCENE. 

10. MAESTRICIIT BEf)S. 

11. WHITE CHALK. 

12. CIILOR1TIO SERIES. 

13. GAULT. 

14. NEOCOMIAN. 

15. WEALDEN. 

10. PURBECK BEDS. 

17. PORTLAND STONE. 

18. IvIMMERIDGE CLAY. 

19. CORAL RAG. 

20. OXFORD CLAY. 

21. GREAT or BATH OOLITE. 

22. INFERIOR OOLITE. 


PO ST-TERTIARY. 

PLIOCENE. 

MIOCENE. 

EOCENE. 

CRETACEOUS. 


JURASSIC. 


23. LIAS. 

24. UPPER TRIAS. 

25. MIDDLE TRIAS. 

2G. LOWER TRIAS. 

27. PERMIAN. 

28. COAL- MEASURES. 

29. CARBONIFEROUS 

LIMESTONE. 

80. UTTER 

81. MIDDLE DEVONIAN. 
32. LOWER . 

S3. UPPER SILURIAN. 
84. LOWER 


I TRIASSIC. 

PERMIAN. 

J CARBONIFEROUS. 

DEVONIAN. 

SILURIAN. 


35. UTTER 

36. LOW T ER 

37. UPPER 
88. LOWER 


CAMBRIAN. 
LAUREN TIAN. 


CAMBRIAN. 

LAURENTIAN. 


1 
EH c 


J 



J 


PALEOZOIC. MESOZOIC. CAINOZOIC. 
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TABULAR VIEW 

OF 

THE FOSSILIFEJROUS STRATA , 

SHOTTING THE ORDER OF SUPERPOSITION OR CHRONOLOGICAL SUCCESSION OF 
THE PRINCIPAL GROUPS, WITH REFERENCE TO THE PAGES WHERE THEY 
ARE DESCRIBED IN THIS WORK. 


POST- 

TERTIARY 


POST-TERTIARY. 


1 

RECENT 

Shells and mam- 
malia, ull of 
living species. 


2 

PLEISTO- 

CENE 

Shells recent, 
mammalia in 
part extinct. 


Examples. 

' British — Clyde marine strata, with canoes (p. 123). 

Fore irj a — Danish Kitchen Middens (p. 124). 

Lacustrine mnd, with remains of Swiss lake- 
dwellings (p. 125). 

Marino strata inclosing Temple of Sernpis, at 

. ruKzuoli (p. 123). 

'‘British — Loam of Brixham cave, with flint imple- 
ments and bones of extinct and living quadru- 
peds (p. 135). 

Drift near Salisbury with bones of mammoth, 
Spormophilns, and stone implements (p. 139). 

Glacial drift of Scotland, with marine shells and 
reinuins of mammoth (p. 155). 

Erratics of Pagham and Selsoa Bill (p. 192). 

Glacial drift of Wales with marine fossil shells 
about 1,400 feet high, on Moel Tryfacn (p. 100). 

Foreion — Dordogne caves of the reindeer period 
(P. 127). 

Older Valley-gravels of Amiens, with flint im- 
plements and bones of extinct mammalia 
(p. 129). 

Loess of Rhine (p. 131). 

Ancient Kilo - mud forming river - terraces 
(p. 132). 

Loam and breccia of Liege caverns, with human 
remains (p. 134). 

Australian cave breccias, with bones of extinct 
marsupials (p. 130). 

_ Glacial drift of Northern Europe (pp. 144-168), 


TERTIARY OR CAINOZOIC. 


PLIOCENE 


3 

NEWER 

PLIOCENE 

The shells almost 
all of living 
species. 


4 

OLDER 

PLIOCENE 

Extinct species 
of shells forming 
large minority. 


f British —Bridlington beds, marine Arctic fauna 
1 (p. 169). 

Glacial boulder formation of Norfolk cliffs 
(p. 170). 

Forest-lied of Norfolk cliffs, with bones of 
F/ephas meridional is, Ac. (p. 172). 

Chillesford and Aldcby beds, with marine shells, 
chiefly Arctic (p. 172). 

Norwich crag (p. 173). 

Foreion — Eastern base of Mount Etna, with marino 
shells (p. 186). 

Sicilian calcareous and tufaeeons strata (p. 187). 

Lacustrine strata of Upper Val d’Arno (p. 189). 

Madeira leaf-bed and land-shells (p. 532). 


British — Red crag of Suffolk, marine shells, somo 
I of northern forms (p. 175). 

4 White or coralline crag of Suffolk (p. 178). 
Foreh/n — Antwerp crag (p. 185). 

Subapennine marls and sands (p. 189). 
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MIOCENE «j 


EOCENE < 


CRETACE- 

OUS 


5 

UPPER 

MIOCENE 

Majority of the 
shells extiucl. 


0 

LOWER 

MIOCENE 

Nearly all the 
shells extinct. 


Exam pi j?s. 

C British — Wanting. 

Foreign — Faluns of Touraine (p. 102). 

Faluns, proper, of Bordeaux (p. 105). 

Freshwater strata of Gers (p. 196). 

Swiss CEniugeu heels, rich in plants and insects 
(pj). 197-206). 

Marine molasse, Switzerland (p. 206). 

Bolder berg beds of Belgium (p. 206). 

Vienna basin (p. 207). 

Beds of the Superga, near Turin (p. 208). 

Deposit at l’ikermi, near Athens (p. 208). 

Strata of the Siwiilik hills, India (p. 200). 

Marini' strata of the Atlantic border in the 
United States (p. 210). 

Volcanic tuff and limestone of Madeira, the 
Canaries, and the Azores (Chap. XXX). 
f British— Hempstead beds, marine and freshwater 
strata (p. 227). 

Lignites and clays of Bovey Tracey (p. 220). 

Isle of Mull leaf-bed, volcanic tuff (p. 200). 
Foreign — Calcaire tie la Beauce, &c. (p. 210). 

Grdis dc Fontainebleau (p. 210). 

Lacustrine strata of the Limugne d’ Auvergne, 
and the Cental (p. 210). 

May cnoc basin (p. 225). 

Itadaboj beds of Croatia (p. 225). 

Brown coal of Germany (p. 227). 

Lower molasse of Switzerland, freshwater and 
brackisl) (pp. 218-222). 

Itupelnionde, Kloynspawen, and Tongrinn heilei 
of Belgium (p. 224). 

Nebraska beds, United States (p. 232). 

Lower Miocene beds of Italy (p. 227). 

Miocene flora of North Greenland <p. 222). 
British — Bembridge, fluvio-nnirine strata (p. 235). 
Osborne or St. Helen’s series (p. 238). 

Ileadon series, with marine and freshwater 
shells (p. 238). 

Barton sands and clays (p. 241). 

Foreign — Gypsum of Montmartre, freshwater with 
Faleotheritnn (p. 254). 

Culcuirc silicieuXjOr Travertin inferieur (p. 257). 
Gres dc Beauchamp or Sables moyeus (p. 257). 
British — Bracklcsham beds and Bugsbot sands 
(p. 243). 

White clays of Alum Bay and Bournemouth 
(p. 245). 

Foreign — Caleairc grossier, miliolilic limestone 
(p. 257). 

Soissonnais sands, or Lits coquillicrs, with JYum- 
mulites plamilaia (p. 250). 

Claiborne beds of United States, with Orbitoides 
and Zeuglodon (p. 2152). 

Nummnlitic formation of Europe, Asia, &c. 

(p. 260). 

British —London clay proper (p. 247). 

Woolwich and Beading series, fluvio-marine 
(p. 250). 

Tliunct sands (p. 252). 

Foreign — Argile de Londrcs, near Dunkirk (p. 235), 
Argile plastique (p. 250). 

Sables de Brachenx (p. 260). 

SECONDARY OR MESOZOIC. 

r British — Upper white chalk, with flints (p. 269). 
10 Lower white chalk, without flints (p. 281). 

UPPER ’ Chalk marl (p. 281). 1 

rJTJTTfT A mr Chloritic series (or Upper Greensand), fire-sA me 
I of Surrey (P* 282). \ 

OUS I Gault (p. 284). 

L Blackdown beds (p. 285). 


7 

UPPER 

EOCENE 


8 

MIDDLE 

EOCENE 


0 

LOWER 

EOCENE 
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Ill 


CRETACE- 

OUS 


OOLITE 


LIAS 


TRIAS 


10 

UPPER 

CRETACE- 

OUS 


11 

LOWER 

CRETACE- 

OUS 

or 

NEOCO- 

MIAN 


12 

UPPER 

OOLITE 


13 

MIDDLE 

OOLITE 

14 

LOWER 

OOLITE 


15 

LIAS 


16 

UPPER 

TRIAS 

17 

MIDDLE 

TRIAS 

18 

LOWER 

TRIAS 


Examples. 

f Foreign— Maestricht beds and Faxoc chalk (pp. 
2(56-209). 

Pisolitic limestone of France (p. 208). 

White chalk of France, Sweden, and Russia 
(p. 270). 

Plancr-kalk of Saxony (p. 270). 

Sands and clays of Aix-la-Chapellc (p. 285). 

Ilippuritc limestone of South of France (p. 288). 

New Jersey, U.S., sands and marls (p. 290). 

British — Sands of Folkestone, Sandgate, JHythe, and 
the Isle of Wight (p. 292). 

Athcrficld clay, with Perna mul/eti (p. 299). 

Spceton clay of Flamborougli JLLead, and Tcalby 
sands and sandstones (p, 295). 

Punfield marine beds, with Ykanja It/jana (p. 
309). 

Weald clay of Surrey, Kent, and Sussex, fresh- 
water, with Cirpris (p. 298). 

Hastings sands (p. 300). 

Foreign — Noocomian of Nenfchatel, and Hils con- 
glomerate of North Germany (p. 297). 

Wealdcn beds of Hanover (p. 304). 

{British- Upper i’urbcck beds, freshwater (p. 309). 

Middle Purbcck, with numerous marsupial 
quadrupeds, &c. (p. 310). 

Lower Purbeck, freshwater, with intercalated 
dirt-bed (p. 317). 

Portland stone and sand (p. 321). 

Kimmeridgc clay (p. 323). 

Foreign — Marncs ii gryphees virgulcs of Argonnc 
(p. 323). 

Lithographic stone of Solenhofen, with Archoeo- 

V. pteiy.r (p. 323). 

British —Coral rag of Berkshire, Wilts, and York- 
shire (p. 325). 

Oxford clay, with belcmnites and ammonites 
(p. 327). 

Ivelloway rock of Wilts and Yorkshire (p. 328). 

Foreign ~N Crimean limestone of the Jura (p. 32G). 

British — Cornbrasli and forest marble (p. 328). 

Great or Bath oolite of Bradford (p. 328). 

Stonesfield slate, with Marsupials and Araucaria 
(p. 332). 

Fuller’s earth of Bath (p. 336). 

Inferior oolite (p. 336). 

■ Upper lias, argillaceous, with Ammonites striatu- 
lus (p. 340). 

Shale and limestone, with Ammonites bi/rons 
(p. 340). 

Middle lias or Marlstone series, with zones con- 
taining characteristic ammonites (p. 340). 

Lower lias, also with zones characterised by 

v peculiar ammonites (p. 343). 

{ British — Rliaetic, Penarth or Avicula contorta beds 
(beds of passage) (p. 854). 

Keupcr or Upper N ew Red sandstone, &c. (p. 357). 

Red shales of Cheshire and Lancashire, with 
rock-salt (p. 362). 

Dolomitic conglomerate of Bristol (p. 361). 

Foreign— Keupcr bqds of Germany (p. 3(55). 

St. Cassian or Hallstadt beds, with rich marino 
fauna (p. 365). 

Coalfield of Richmond, Virginia (p. 372). 

^ Chatham coalfield, North Carolina (p. 373). 

j British — W ant in g . 

_ Foreign — Musclielkalk of Germany (p. 368). 

( British — Bunter or Lower New Red sandstone of 
Lancashire and Cheshire (p. 360). 

Foreign — Bunter-sandstein of Germany (p. 370). 

Rod sandstone of Connecticut Valley, with foot- 
prints of birds and reptiles (p. 371). 
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PERMIAN 


CARBONI- 
FEROUS i 


r 


DEVONIAN 

or 

Old Red 
Sandstone 


PRIMARY OR PALAEOZOIC. 


Examtles. 


10 

PERMIAN 


" British — Upper Permian of St. Bees’ Head and 
Corby, Cumberland (p. 376). 

Middle Permian, magnesian limestone, and 
marlslate of Durham and Yorkshire, with 
Protorosaurvs (p. 370). 

Lower Permian sandstones and breccias of Pen- 
rith and Dumfriesshire, intercalated (p. 881 ). 

Foreign — Dark-coloured shales of Thuringia (p. 
382). 

Zechstein or Dolomitic limestone (p. 382). 

Mergel -schief er or Kupfer-sohiefer (p. 382). 

Itoth-liegendcs of Thuringia, with Psaronius 
(p. 382). 

. Magnesian limestones, &c„ of Russia (p. 383). 


20 

UPPER 

CARBONI- 

FEROUS 


21 

LOWER 

CARBONI- 

FEROUS 


C British — Coal measures of South "Wales, with 
' underclays enclosing Stigma ria (p. 388). 

Coal measures of north and central England 
(p. 38(5). 

Millstone grit (p. 886). 

Yorcdale series of Yorkshire (p. 386). 

Coalfield of Kilkenny, with Labyrinthodont 
(p. 400). 

Foreign — Coalfield of Saarbrnck, with Arche- 
gosat/rns (p. 397). 

Carboniferous strata of South Joggins, Nova 
Scotia (p. 401). 

„ Pennsylvanian coalfield (p. 301). 
r British — Mountain limestone of Wales and South 
of England (p. 423). 

Same in Ireland and carboniferous slate (p. 432). 

Carbouiferous limestone of Scotland alternating 
with coal-bearing sandstones (p. 387). 

Erect trees in volcanic ash in the Island of Arran 
(p. 547). 

...Foreign-Mountain limestone of Belgium (p. 431). 


22 

UPPER 

DEVO- 

NIAN 


23 

MIDDLE 

DEVO- 

NIAN 


24 

LOWER 

DEVO- 

NIAN 


British-Yellow sandstone of Dura Den, with 
Holopty chins, &c. (p. 436) ; and of Ireland 
with Anodon Jukesii (p. 436). 

Sandstones of Forfarshire and Perthshire, with 
/ Jloloptychius, &c. (p. 437). 

] Tilton group of North Devon (p. 446). 

Fetherwyn group of Cornwall, with Clymenia and 
Cypridina (p. 447). 

Foreign — Clymenien-kalk and Cypridinen -schief er 
' of Germany (p. 449). 

' British — Bituminous schists of Gamric, Caithness, 
&c., with numerous fish (p. 438). 

Ilfracombe beds with peculiar trilobites and 
corals (p. 447). 

■ Limestones of Torquay, with numerous corals 
Clymenia; and Calceolce (p. 447). 

Foreign — Eifcl limestone, with underlying schists 
containing Calceola (p. 449). 
w Devonian strata of Russia (p. 451). 

C British — Arbroath paving-stones, with Cephalaspis 
and Plerygolus (p. 442). 

Lower sandstones of Forfarshire, with lHetygotus 
(p. 442). 

Sandstones and slates of the Foreland and Linton 
(p. 450). 

Foreign— Oriskanv sandstone of Western Canada 
and New York (p, 458). “ 

L Sandstones of Gospd, with Cephalaspis (p. 451^ 
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SILURIAN < 


CAMBRIAN 


LAUREN- I 
TIAN I 


25 

UPPER 

Silurian 


26 

LOWER 

SILURIAN 


27 

UPPER 

CAM- 

BRIAN 


28 

LOWER 

CAM- 

BRIAN 

29 

UPPER 

LAUREN- 

TIAN 

30 

LOWER 

LAUREN- 

TIAN 


Examples. 

” British — Upper Ludlow formation, Downton sand- 
stone, with bone-bed (p. 456). 

Lower Ludlow formation, with oldest known 
fish remains (p. 458). 

Wenlock limestone and shale (p. 402). 

Woolhope limestone and grit (p. 405). 

Tarannon shales (p. 466). 

Upper Llandovery, or May-hill \ Beds of pas- 
sandstone, with Pentamerus sage between 

oblongus, Ac. (p. 466). I- Upper and 

Lower Llandovery slates (p. Lower Silu- 

468). ) rian. 

Foreign — Niagara limestone, with Calymene. , Ho - 
mala not ns, Ae. (p. 478). 

Clinton group of America, with Pentamerns ob- 
longus, Ac. (p. 478). 

Silurian stratu of Russia, with Pentamerus 
l (p. 476). 

C British — Bala and Caradoc beds (p. 468). 

Llandoilo flags (p. 471). 

Arenig or Stiper- stones group (Lower Llandeilo 
of JVlurcliison) (p. -174). 

•< Foreign - Ungulite or Oholus gilt of Russia (p. 476). 

Trenton limestone, and other Lower Silurian 
groups of North America (p. 47!)). 

Lower Silurian of Sweden (p. 476). 

l.ower Silurian of Bohemia (p. 477). 

"British — Tremadoc slates (p. 481). 

Lingula flags, with Linguhlla Barisii (p. 486). 

Foreign- ‘Primordial’ zone of Bohemia in part, 
with trilobites of the genera Paradoxides, Ac. 
(p. 487). 

Alum schists of Sweden and Norway (p. 488). 

Potsdam sandstone, with Dikeloeephalus and 
w Obolelia (p. 489). 

" British — Menevian beds of Wales, with Paradoxides 
Davidis, Sic. (p. 484). 

Longmynd group, comprising the Harlech grits 
and Llanberis slates, and purple and green 
fossiliferous rock of St. David's (p. 485). 

Foveifjn — Lower portion of Bairande’s ‘Primor- 
dial’ zone in Bohemia (p. 487). 

Fucoidal sandstones of Sweden (p. 488). 

_ Hnronian series of Canada ? (p. 489). 

British — Fundamental gneiss of the Hebrides ? 
(p. 41)2). 

llypcrstliene rocks of Skye? (p. 100). 

Foreign — Labradoritc scries north of the river St. 
Lawrence in Canada (p. 490). 
l Adirondack mountains of New York (p. 490). 

( British — Wanting ? 

1 Foreign-— Hods of gneiss and quartzite, with intcr- 
-j stratified limestones, in one of which, 1,000 
1 feet thick, occurs a foraminifer, liozoon Cana- 
\ dense, the oldest known fossil (p. 491). 
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CHAPTER IX. 

CLASSIFICATION OF TERTIARY FORMATIONS. 

Order of succession of sedimentary formations — Frequent uneonformability 
of strata — Imperfection of the record — Defectiveness of the monuments 
greater in proportion to their antiquity — Reasons for studying the newer 
groups first — Nomenclature of formations — Detached Tertiary formations 
scattered over Europe — Value of the shell-hearing mollusca in classifi- 
cation — Classification of Tertiary strata — Eocene, Miocene, and riioccne 
terms explained. 

By reference to the tables given at the end of the last chapter, 
the reader will see that when the fossiliferous rocks are arranged 
chronologically, Ave have first to consider the Post-tertiary and 
then the Tertiary or Cainozoic formations, and afterwards to 
pass on to those of older date. 

Order of superposition. — The annexed diagram wall show 
the order of superposition of these deposits, assuming them all 
to be visible in one continuous section. In nature, as before 
hinted, page 107, we have never an opportunity of seeing the 


Fig. 80 . 



whole of them so displayed in a single region ; first, because 
sedimentary deposition is confined, during any one geological 
period, to limited areas ; and secondly, because strata, after 
they have been formed, are liable to be utterly annihilated over 
wide areas by denudation. But wherever certain members of 
the series are present, they overlie one another in the order 
indicated in the diagram, though not always in the exact manner 
there represented, because some of them repose occasionally in 
unconformable stratification on others. This mode of super- 
position has been already explained at pp. 71, 88, where 
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pointed out that the discordance which implies a considerable 
lapse of time between two formations in j uxtaposition is almost 
invariably accompanied by a great dissimilarity in the species of 
organic remains. 

Frequent unconformability of strata. — Where the widest 
gaps appear in the sequence of the fossil forms, as between the 
Permian and Triassic rocks, or between the Cretaceous and 
Eocene, examples of such unconformability are very frequent. 
But they are also met with in some part or other of the world 
at the junction of almost all the other principal formations, and 
sometimes the subordinate divisions of any one of the leading 
groups may be found lying unconformably on another sub- 
ordinate member of the same — the Upper, for example, on the 
Lower Silurian, or the superior division of the Old Bed Sand- 
stone on a low'er member of the same, and so forth. Instances 
of such irregularities in the mode of succession of the strata are 
the more intelligible the more we extend our survey of the 
fossiliferous formations, for we arc continually bringing to light 
deposits of intermediate date, "which have to be intercalated 
between those previously known, and which reveal to us a long 
series of events, of which antecedently to such discoveries we 
had no knowledge. 

But while unconformability invariably bears testimony to a 
lapse of unrepresented time, the confer id ability of two sets of 
strata in contact by no means implies that the newer formation 
immediately succeeded the older one. It simply implies that 
the ancient rocks were subjected to no movements of such a 
nature as to tilt, bend, or break them before the more modern 
formation was superimposed. It does not show that the earth’s 
crust was motionless in the region in question, for there may 
have been a gradual sinking or rising, extending uniformly over 
a large surface, and yet, during such movement, the stratified 
rocks may have retained their original horizontality of position. 
There may have been a conversion of a wide area from sea into 
land and from land into sea, and during these changes of level 
some strata may have been slowly removed by aqueous action, 
and after this new strata may be superimposed, differing perhaps 
in date by thousands of years or centuries, and yet resting con- 
formably on the older set. There may even be a blending of 
the materials constituting the older deposit w r ith those of the 
newer, so as to give rise to a passage in the mineral character 
of the one rock into the other as if there had been no break or 
interruption in the depositing process. 

Imperfection of the record. — Although by the frequent 
discovery of new sets of intermediate strata the transition from 
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one type of organic remains to another is becoming less and less 
abrupt, yet the entire series of records appears to the geologists 
now living far more fragmentary and defective than it seemed 
to their predecessors half a century ago. The earlier enquirers, 
as often-as they encountered a break in the regular sequence of 
formations, connected it theoretically with a sudden and violent 
catastrophe, which had put an end to the regular course of 
events that had been going on uninterruptedly for ages, anni- 
hilating at the same time all or nearly all the organic beings 
■which had previously flourished, after wliich, order being re- 
established, a new series of events was initiated. In proportion 
as our faith in these views grows weaker, and the phenomena of 
the organic or inorganic world presented to us by geology seem 
explicable on the hypothesis of gradual and insensible changes, 
varied only by occasional convulsions, on a scale comparable to 
that witnessed in historical times ; and in proportion as it is 
thought possible that former fluctuations in the organic world 
may be duo to the indefinite modifiability of species without the 
necessity of assuming new and independent acts of creation, the 
number and magnitude of the gaps which still remain, or the 
extreme imperfection of the record, become more and more 
striking, and what we possess of the ancient annals of the earth’s 
history appears as nothing when contrasted with that which has 
been lost. 

When we examine a large area such as Europe, the average 
as well as the extreme height above the sea attained by the older 
formations is usually found to exceed that reached by the more 
modern ones, the primary or paheozoic rising higher than the 
secondary, and these in their turn than the tertiary ; while in 
reference to the three divisions of the tertiary, the lowest or 
Eocene group attains a higher summit level than the Miocene, 
and these again a greater height than the Pliocene formations. 
Lastly, the post-tertiary deposits, such, at least, as are of 
marine origin, are most commonly restricted to much more 
moderate elevations above the sea -level than the tertiary 
strata. 

It is also observed that strata , in proportion as they are of 
newer date, bear the nearest resemblance in mineral character 
to those which are now in the progress of formation in seas or 
lakes, the newest of all consisting principally of soft mud or 
loose sand, in some places full of shells, corals, or other organic 
bodies, animal or vegetable, in others wholly devoid of such 
remains. The farther we recede from the present time, and the 
higher the antiquity of the formations which we examine, the \ 
greater are the changes which the sedimentary deposits have \ 
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undergone. Time, as I have explained in Chapters V., YT. and 
VII., has multiplied the effects of condensation by pressure and 
cementation, and the modification produced by heat, fracture, 
contortion, upheaval and denudation. The organic remains 
also have sometimes been obliterated entirely, or the mineral 
matter of which they were composed has been removed and re- 
placed by other substances. 

Why newer groups should be studied first. — We likewise 
observe that the older the rocks the more widely do their 
organic remains depart from the types of the living creation. 
First, we find in the newer tertiary rocks a few sjjecies which 
no longer exist, mixed with many living ones, and then, as we 
go farther back, many genera and families at present unknown 
make their appearance, until we come to strata in which the 
fossil relics of existing species are nowhere to be detected, 
except a few of the lowest forms of invertebrata, while some 
orders of animals and plants wholly unrepresented in the living 
world begin to be conspicuous. 

When we study, therefore, the geological records of the earth 
and its inhabitants, we fitid, as in human history, the defective- 
ness and obscurity of the monuments always increasing the 
remoter the era to which we refer, the rocks becoming more 
generally altered and crystalline J he older they are, and the 
difficulty of determining their true chronological relations 
becoming more and more enhanced, especially when we are 
comparing those which were formed in very distant regions of 
the globe. Hence we advance with securer steps when we begin 
with the study of the geological records of later times, proceeding 
from the newer to the older, or from the more to the less known. 

In thus inverting what might at first seem to be the more 
natural order of historical research, we must bear in mind that 
each of the periods above enumerated, even the shortest, such 
as the Post-tertiary, or the Pliocene, Miocene, or Eocene, 
embrace a succession of events of vast extent, so that to give 
a satisfactory account of what we already know of any one of 
them would require many volumes. When, therefore, we study 
one of the newer groups before endeavouring to decipher the 
monuments of an older one, it is like endeavouring to master 
the history of our own country and that of some contemporary 
nations, before we enter upon Roman History, or like investi- 
gating the annals of Anciont Italy and Greece before we approach 
those of Egypt and Assyria. 

Nomenclature. — The origin of the terms Primary and Second- 
ary? 3-nd the synonymous terms Palaeozoic and Mesozoic, have 
*been explained in the Eighth Chapter, p. 100. 
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The Tertiary or Cainozoic strata (see p. 100) were so called 
because they were all posterior in date to the Secondary series, 
of which last the Chalk or Cretaceous, No. 9, fig. 80, constitutes 
the newest group. The whole of them were at first confounded 
with the superficial alluviums of Europe ; and it was long before 
their real extent and thickness, and the various ages to which 
they belong, were fully recognised. They were observed to 
occur in patches, some of freshwater, others of marine origin, 
their geographical area being usually small as compared to the 
secondary formations, and their position often suggesting the 
idea of tlieir having been deposited in different bays, lakes, es- 
tuaries, or inland seas, after a large portion of the space now 
occupied by Europe had already been converted into dry land. 

The first deposits of this class, of which the characters were 
accurately determined, were those occurring in the neighbour- 
hood of Paris, described in 1810 by MM. Cuvier and Brongniart. 
They were ascertained to consist of successive sets of strata, 
some of marine, others of freshwater origin, lying one upon the 
other. The fossil shells and corals were perceived to be almost 
all of unknown species, and to have in general a near affinity to 
those now inhabiting warmer seas. The bones and skeletons 
of land animals, some of them of large size, and belonging to 
more than forty distinct species, were examined by Cuvier, and 
declared by him not to agree specifically, nor most of them even 
generically, with any hitherto observed in the living creation. 

Strata were soon afterwards brought to light in the vicinity 
of London, and in Hampshire, which, although dissimilar in 
mineral composition, were justly inferred by Mr. T. Webster to 
be of the same age as those of Paris, because the greater number 
of the fossil shells were specifically identical. For the same 
reason, rocks found in the Gironde, in the South of France, 
and at certain points in the North of Italy, were Bisected to be 
of contemporaneous origin. 

Another important discovery was soon afterwards made by 
Brocclii in Italy, who investigated the argillaceous and sandy 
deposits, replete with shells, which form a low range of hills 
flanking the Apennines on both sides, from the plains of the 
Po to Calabria. These lower hills were called by him the 
Subapennines, and were formed of strata chiefly marine, and 
newer than those of Paris and London. 

Another tertiary group occurring in the neighbourhood of 
Bordeaux and Bax, in the South of France, was examined by 
M. de Basterot in 1825, who described and figured several hun- 
dred species of shells, which differed for the most part both from 
the Parisian series and those of the Subapennine hills. It waa 
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soon, therefore, suspected that this fauna might belong to a 
period intermediate between that of the Parisian and Subapcn- 
nine strata, and it was not long before the evidence of super- 
position was brought to boar in support of this opinion ; for 
other strata contemporaneous with those of Bordeaux were 
observed in one district (the Valley of the Loire) to overlie the 
Parisian formation, and in another (in Piedmont) to underlie 
the Subapennine beds. The first example of these was pointed 
out in 1829 by M. Desnoyers, who ascertained that the sand 
and marl of marine origin called Faluns, near Tours, in the 
basin of the Loire, full of seashells and corals, rested upon a 
lacustrine formation, which constitutes the uppermost subdivi- 
sion of the Parisian group, extending continuously throughout 
a great table-land intervening bet ween the basin of the Seine and 
that of the Loire. The other example occurs in Italy, where 
strata, containing many fossils similar to those of Bordeaux, 
were observed by Bonelli and others in the environs of Turin, 
subjacent to strata belonging to the Subapennine group of 
Brocclii. 

Value of testacean fossils in classification. — It will be 

observed that in the foregoing allusions to organic remains, the 
testacea or the shell-bearing mollusca are selected as the most 
useful and convenient class for the purposes of general classifi- 
cation. In the first place, they are more universally distributed 
through strata of every age than any other organic bodies. 
Those families of fossils which are of rare and casual occurrence 
are absolutely of no avail in establishing a chronological arrange- 
ment. If we have plants alone in one group of strata and the 
bones of mammalia in another, we can draw no conclusion 
respecting the affinity or discordance of the organic beings of 
the two epochs compared ; and the same may be said if we have 
plants and vertebrated animals in one series and only shells in 
another. Although corals are more abundant, in a fossil state, 
than plants, reptiles, or fish, they are still rare when contrasted 
with shells, because they are more dependent for their wellbeing 
on the constant clearness of the water, and are, therefore, less 
likely to be included in rocks which endure in consequence of 
their thickness and the copiousness of sediment which prevailed 
when they originated. The utility of the testacea is, moreover, 
enhanced by the circumstance that some forms are proper to the 
sea, others to the land, and others to freshwater. Rivers 
scarcely ever fail to carry down into their deltas some land- 
shells,. together with species which are at once fluviatile and 
lacustrine. By this means we learn what terrestrial, freshwater, 
land marine species coexisted at particular eras of the past ; and 
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having thus identified strata formed in seas with others which 
originated contemporaneously in inland lakes, we are then en- 
abled to advance a step farther, and show that certain quadru- 
peds or aquatic plants, found fossil in lacustrine formations, 
inhabited the globe at the same period when certain fish, rep- 
tiles, and zoophytes lived in the ocean. 

Among other characters of the molluscous animals, which 
render them extremely valuable in settling chronological ques- 
tions in geology, may be mentioned, first, the wide geographical 
range of many species ; and, secondly, what is probably a con- 
sequence of the former, the great duration in time of species in 
this class, for they appear to have surpassed in longevity the 
greater number of the fish and mammalia. Had each species 
inhabited a very limited space, it could never when imbedded in 
strata have enabled the geologist to identify deposits at distant 
points over large areas ; or had they each lasted but for a 
brief period, they could have thrown no light on the connection 
of rocks placed far from each other in the chronological, or, as 
it is often termed, vertical series. 

Classification of Tertiary strata. — Many authors have di- 
vided the European Tertiary strata into three groups — lower, 
middle, and upper ; the lower comprising the oldest formations 
of Paris and London before mentioned ; the middle those of 
Bordeaux and Touraine in France, and mostly wanting in 
England ; and the upper all those newer than the middle 
group, comprising in England the crags of Norfolk and Suffolk. 

In the first edition of the Principles of Geology I divided the 
whole of the Tertiary formations into four groups, characterised 
by the percentage of recent shells which they contained. The . 
lower tertiary strata of London and Paris were thought by M. 
Deshayes to contain only 3£ per cent, of recent species, and were 
termed Eocene. The middle tertiary of the Loire and Gironde 
had, according to the specific determinations of the same eminent 
concliologist, 17 per cent., and formed the Miocene division. The 
Subapennino beds contained 35 to 50 per cent. , and were termed 
Older Pliocene, while still more recent beds in Sicily, which 
had from 90 to 95 per cent, of species identical with those now 
living, were called Newer Pliocene. The first of the above 

terms, Eocene, is derived from eos, dawn , and t caivoc, 

cainos, recent, because the fossil shells of this period contain an 
extremely small proportion of living species, which may be 
looked upon as indicating the dawn of the existing state of 
the testaceous fauna, no recent species (with one or. two 
exceptions) having been detected in the older or secondary 
rocks. 
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The term Miocene (from pet or, meion, less , and kcuvoc, cainos, 
recent) is intended to express a minor proportion of recent 
species (of testacea), the term Pliocene (from 7r\eiar, pleion, 
more, and kcuvoc, cainos, recent) a comparative plurality of the 
same. It may assist the memory of students to remind them, 
that the Miocene contain a minor proportion, and PZiocene, a 
comparative jjiurality of recent species ; and that the greater 
number of recent species always implies the more modern origin 
of the strata. 

It has sometimes been objected to tliis nomenclature that 
certain species of infusoria found in the chalk are still existing, 
and, on the other hand, the Miocene and Older Pliocene depo- 
sits often contain the remains of mammalia, reptiles, and fish, 
exclusively of extinct sj>ccies. But the reader must bear in 
mind that the terms Eocene, Miocene, and Pliocene wero 
originally invented with reference purely to conchological data, 
and in that sense have always been, and are still used by me. 

Since the year 1830 the number of known shells, both recent 
and fossil, has largely increased, and their identification has 
been more accurately determined. Hence some modifications 
have been required in the classifications founded on less perfect 
materials. The Eocene, Miocene, and Pliocene periods have 
been made to comprehend certain sets of strata of which the 
fossils do not always conform strictly in the numerical propor- 
tion of recent to extinct species with the definitions first given 
by me, or which are implied in the etymology of those terms. 


a 
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CHAPTER X. 

RECENT AND PLEISTOCENE PERIODS. 

Recent and Pleistocene periods — Terms defined — Formations of the Recent 
Period — Modern littoral deposits containing works of art near Naples — 
Danish peat and shell mounds — Swiss lake-dwellings — Periods of stone, 
bronze, and iron — Pleistocene formations — Coexistence of man with 
extinct mammalia — Reindeer period of South of France — Alluvial deposits 
of Paleolithic age — Higher and Lower-level Valley- gravels — Loess or 
inundation mud of the Nile, Rhine, &c. — Origin of caverns — Remains 
of man and extinct quadrupods in cavern deposits — Cave of Kirkdalc — 
Australian cave-breccias — Geographical relationship of the provinces of 
living vertebrata and those of extinct Pleistocene species — Extinct 
struthious birds of New Zealand — Climate of the Pleistocene period — 
Comparative longevity of species in the mammalia and tcstacea — Teeth of 
Recent and Pleistocene mammalia. 

We have seen in the last chapter that the uppermost or newest 
strata are called Post-tertiary, as being more modern than the 
Tertiary. It will also be observed that the Post-tertiary forma- 
tions are divided into two subordinate groups : the Recent, and 
Pleistocene. In the former, or the Recent, the mammalia as 
well as the shells are identical with species now living ; whereas 
in the Pleistocene, the shells being all of living forms, a part, 
and often a considerable part, of the mammalia belong to extinct 
species. In former editions of this work I divided the Post- 
tertiary deposits into Recent and Post-pliocene, but this latter 
term has many inconveniences, especially that of often being 
confounded with Post-tertiary. I have, therefore, determined 
for the future to adopt the name of 1 Pleistocene,’ proposed by 
me in 1830 as a synonym for Newer Pliocene, but which having 
been used by the late Edward Forbes as the equivalent of 
Post-pliocene, has now passed into general use with that signi- 
fication. In this volume the term ‘ Pleistocene J will accordingly 
be used for the lower subdivision of the Post- tertiary, and I shall 
only sometimes retain in a parenthesis the word Post-pliocene, 
to remind the reader that Pleistocene is used as its synonym. 

Cases will occur where it may be scarcely possible to draw the 
boundary line between the Recent and Pleistocene (Post- 
pliocene) deposits ; and we must expect these difficulties to 
increase rather than diminish with every advance in our know- ' 
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lodge, and in proportion as gaps are filled up in the series of 
records. 


RECENT PERIOD. 

It was stated in the sixth chapter, when I treated of denu- 
dation, that the dry land, or that part of the earth’s surface 
which is not covered by the waters of lakes or seas, is generally 
wasting away by the incessant action of rain and rivers, and in 
some cases by the undermining and removing power of waves 
and tides on the sea-coast. But the rate of waste is very 
unequal, since the level and gently sloping lands, where they 
are protected by a continuous covering of vegetation, escape 
nearly all wear and tear, so that they may remain for ages in a 
stationary condition, while the removal of matter is constantly 
widening and deepening the intervening ravines and valleys. 

The materials, both fine and coarse, carried down annually 
by rivers from the higher regions to the lower, and deposited in 
successive strata in the basins of seas and lakes, must be of 
enormous volume. We are always liable to underrate their 
magnitude, because the accumulation of strata is going on out 
of sight. 

There are, however, causes at work which, in the course of 
centuries, tend to render visible these modern formations, 
whether of marine or lacustrine origin. For a large portion of 
the earth’s crust is always undergoing a change of level, some 
areas rising and others sinking at the rate of a few inches, or a 
few feet, perhaps sometimes yards, in a century, so that sj>aces 
which were once subaqueous are gradually converted into land, 
and others which were high and dry become submerged. In 
consequence of such movements we find in certain regions, as 
in Cashmere for example, where the mountains are often shaken 
by earthquakes, deposits which were formed in lakes in the 
historical period, but through which rivers have now cut deep 
and wide channels. In lacustrine strata thus intersected, works 
of art and freshwater shells are seen. In other districts on the 
borders of the sea, usually at very moderate elevations above 
its level, raised beaches occur, or marine littoral deposits, such 
as those in which, on the borders of the Bay of Baia>, near 
Naples, the well-known temple of Serapis was imbedded. In 
that case the date of the monument buried in the marine strata 
is ascertainable, but in many other instances, the exact age of 
the remains of human workmanship is uncertain, as in the 
estuary of the Clyde at Glasgow, where many canoes have been 
exhumed, with other works of art, all assignable to some part 
of’tlie Recent Period. 
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Danish peat and shell mounds or hitehen-mlddens. — 

Sometimes we obtain evidence, without the aid of a change of 
level, of events which took place in pre-historic times. The 
combined labours, for example, of the antiquary, zoologist, and 
botanist have brought to light many monuments of the early 
inhabitants buried in peat mosses in Denmark. Their geological 
age is determined by the fact that, not only the contemporaneous 
freshwater and land shells, but all the quadrupeds, found in the 
peat, agree specifically with those now inhabiting the same 
districts, or which arc known to have been indigenous in 
Denmark within the memory of man. In the lower beds of peat 
(a deposit varying from 20 to 30 feet in thickness), weapons of 
stone accompany trunks of the Scotch fir, Pinus sylvestris. This 
peat may be referred to that part of the stone period for which 
Sir John Lubbock proposed the name of 1 Neolithic ’ 1 in con- 
tradistinction to a still older era, termed by him ‘ Paleolithic,* 
and which will be described in the sequel. In the higher por- 
tions of the same Danish bogs, bronze implements are associated 
with trunks and acorns of the common oak. It appears that 
the pine has never been a native of Denmark in historical times, 
and it seems to have given place to the oak about the time when 
articles and instruments of bronze superseded those of stone. 
It also appears that, at a still later period, the oak itself became 
scarce, and was nearly supplanted by the beech, a tree which 
now flourishes luxuriantly in Denmark. Again, at the still 
later epoch when the beech tree abounded, tools of iron were 
introduced, and were gradually substituted for those of bronze. 

On the coasts of the Danish islands in the Baltic, certain 
mounds, called in those countries ‘ Kj okken-modding, ’ or 
‘ kitchen-middens,’ occur, consisting chiefly of the castaway 
shells of the oyster, cockle, periwinkle, and other eatable kinds 
of mollusks. The mounds are from 3 to 10 feet high, and from 
100 to 1,000 feet in their longest diameter. They greatly 
resemble heaps of shells formed by the Red Indians of North 
America along the eastern shores of the United States, which I 
saw in 1845, and have described elsewhere. 2 In the old refuse- 
heaps, recently studied by the Danish antiquaries and natural- 
ists with great skill and diligence, no implements of metal have 
ever been detected. All the knives, hatchets, and other tools, 
are of stone, horn, bone, or wood. With them are often inter- 
mixed fragments of rude pottery, charcoal and cinders, and the 
bones of quadrupeds on which the rude people fed. These 
bones belong to wild species still living in Europe, though some 

1 Sir John Lubbock, Prehistoric * Second Visit to United States, 
Times, p. 3. 18G5, vol. i. p. 338. 1845. 
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of them, like the beaver, have long been extirpated in Denmark. 
The only animal which they seem to have domesticated was the 
dog. 

As there is an entire absence of metallic tools, these refuse- 
lioaps are referred to the Neolithic division of the age of stone, 
which immediately preceded in Denmark the age of bronze. It 
appears that a race more advanced in civilisation, armed with 
weapons of that mixed metal, invaded Scandinavia, and ousted 
the aborigines. 

lacustrine habitations of Switzerland. — In Switzerland a 
different class of monuments, illustrating the successive ages of 
stone, bronze, and iron, has been of late years investigated with 
great success, and especially since 1854, in which year Dr. F. 
Keller explored near the shore at Meilen, in the bottom of the 
lake of Zurich, the ruins of an old village, originally built on 
numerous wooden piles, driven, at some unknown period, into 
the muddy bed of the lake. Since then a great many other 
localities, more than a hundred and fifty in all, have been 
dotected of similar pile-dwellings, situated near the borders of 
the Swiss lakes, at points where the depth of water does not 
exceed 15 feet. 1 The superficial mud in such cases is filled with 
various articles, many hundreds of them being often dredged up 
from a very limited area. Thousands of piles, decayed at their 
upper extremities, are often met with still firmly fixed in the 
mud. 

As the ages of stone, bronze, and iron merely indicate suc- 
cessive stages of civilisation, they may all have coexisted at once 
in different parts of the globe, and even in contiguous regions, 
among nations having little intercourse with each other. To 
make out, therefore, a distinct chronological series of monu- 
ments is only possible when our observations are confined to a 
limited district, such as Switzerland. 

The relative antiquity of the pile- dwellings, which belong 
respectively to the ages of stone and bronze, is clearly illustrated 
by the association of the tools with certain groups of animal 
remains. Where the tools are of stone, the castaway bones 
which served for the food of the ancient people are those of 
deer, the wild boar, and wild ox, which abounded when society 
was in the hunter state. But the bones of the later or bronze 
epoch were chiefly those of the domestic ox, goat, and pig, 
indicating progress in civilisation. Some villages of the stone 
age are of later date than others, and exhibit signs of an im- 
proved state of the arts. Among their relics are discovered car- 

. 1 Bulletin dc la Soeiete Vaudoisc and Antiquity of Man, by the author, 
des Sei. Nat., t. vi., Lausanne, I860 ; cli. ii. 
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bonised grains of wlioat and barley, and pieces of bread, proving 
that the cultivation of cereals had begun. In the same set- 
tlements, also, cloth, made of woven flax and straw, has been 
detected. 

The pottery of the bronze age in Switzerland is of a finer 
texture, and more elegant in form, than that of the age of stone. 
At Nidau on the lake of Bienne, articles of iron have also been 
discovered, so that this settlement was evidently not abandoned 
till that metal had come into use. 

At La Tliene, in the northern angle of the lake of Neufchatel, 
a great many articles of iron have been obtained, which in form 
and ornamentation are entirely different both from those of the 
bronze period and from those used by the Homans. Gaulish 
and Celtic coins have also been found there by MM. Schwab 
and Desor. They agree in character with remains, including 
many iron swords, which have been found at Tiefenau, near 
Berne, in ground supposed to have been a battle-field ; and 
their date appears to have been anterior to the great Roman 
invasion of Northern Europe, though perhaps not long before 
that event . 1 2 Coins, which sometimes occur in deposits of the 
age of iron, have never yet been found in formations of the ages 
of bronze or stone. 

The period (if bronze must have been one of foreign commerce, 
as tin, which enters into this metallic mixture in the proportion 
of about ten per cent, to the copper, was obtained by the 
ancients chiefly from Cornwall. 5 * Very few human bones of the 
bronze period have been met with in the Danish peat, or in the 
Swiss lake-dwellings, and this scarcity is generally attributed by 
arclueologists to the custom of burning the dead, which prevailed 
in the age of bronze. 


PLEISTOCENE I’ERlOI). 

From the foregoing observations we may infer that the ages 
of iron and bronze in Northern and Central Europe were pre- 
ceded by a stone age, the Neolithic, referable to that division of 
the post-tertiary epoch which I have called Recent when the 
mammalia as well as the other organic remains accompanying 
the stone implements were of living species. But memorials 
have of late been brought to light of a still older age of stone, 
for which, as above stated, tlie name Paleolithic has been pro- 
posed, when man was contemporary in Europe with the elephant 

1 Sir J. Lubbock's Lecture, Royal James, Note on block of Tin dredged 

Institution, Feb. 27th, 18G3. up in Falmouth Harbour. Koval 

2 Diodorus, v. 21, 22, and Sir H. Institution of Cornwall, 18G3. 
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and rhinoceros, and various other animals, of which many of 
the most conspicuous have long since died out. 

Reindeer Period in South of Prance. — In the larger num- 
ber of the caves of Europe, as for example in those of England, 
Belgium, Germany, and many parts of France, the animal 
remains agree specifically with the fauna of the oldest division 
of the age of stone, or that to which belongs the drift of Amiens 
and Abbeville presently to be mentioned, containing flint 
implements of a very antique type. But there are some caves 
in the departments of Dordogne, Aude, and other parts of the 
south of France, which the late M. Lartet believed to be of in- 
termediate date between the Paleolithic and Neolithic periods. 
To this intermediate era M. Lartet gave, in 1803, the name of 
the £ reindeer period,’ because vast quantities of the bones and 
horns of that deer have been met with in the French caverns. In 
some cases sej>arate plates of molars of the mammoth, and several 
teeth of the great Irish deer, Verms Mcyciceros , and of the cave- 
lion, Fells spoke a, an extinct variety of Foils loo, have been found 
mixed up with cut and carved antlers of reindeer. On one of 
these sculptured bones in the cave of Perigord, a rude represen- 
tation of the mammoth with its long curved tusks and covering 
of wool occurs, which is regarded by M. Lartet as placing beyond 
all doubt the fact that the early inhabitants of these caves must 
have seen this species of elephant still living in France. The 
presence of the marmot, as well as the reindeer and some other 
northern animals, in these caverns seems to imply a colder 
climate than that of the Swiss lake-dwellings, in which no re- 
mains of reindeer have as yet been discovered. The absence of 
this last in the old lacustrine habitations of Switzerland is tho 
more significant, because in a cave in the neighbourhood of the 
lako of Geneva, namely that of Mont Salfcvc, bones of the rein- 
deer occur with flint implements similar to those of the caverns 
of Dordogne and Perigord. 

The state of the arts, as exemplified by tho instruments found 
in these caverns of the reindeer period, is somewhat more 
advanced than that which characterises the tools of the Amiens 
drift, but is nevertheless more rude than that of the Swiss 
lake- dwellings. No metallic articles occur, and the stone 
hatchets are not ground after the fashion of celts; the needles 
of bone are shaped in a workmanlike style, having their eyes 
drilled with consummate skill. 

The formations above alluded to, which are as yet but im- 
perfectly known, may be classed as belonging to the close of tho 
Paleolithic era, of the monuments of which I am now about to 
treat. 
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Alluvial deposits of the Paleolithic age. — The alluvial and 
marine deposits of the Paleolithic age, the earliest to which any 
vestiges of man have yet been traced back, belong to a time 
when the physical geography of Europe differed in a marked 
degree from that now prevailing. In the Neolithic period, the 
valleys and rivers coincided almost entirely with those by which 
the present drainage of the land is effected, and the peat-mosses 
were the same as those now growing. The situation of the shell- 
mounds and lake-dwellings above alluded to is such as to imply 
that the topography of the districts where they are observed has 
not subsequently undergone any material alteration. Whereas 
we no sooner examine the Pleistocene (Post-pliocene) forma- 
tions, in which the remains of so many extinct mammalia are 
found, than we at once perceive a more decided discrepancy 
between the former and present outline of the surface. Since 
those deposits originated, changes of considerable magnitude 
have been effected in the depth and width of many valleys, as 
also in the direction of the superficial and subterranean drainage, 
and, as is manifest near tlie sea-coast, in the relative position of 
land and water. In the annexed diagram (tig. 87) an ideal 


Fig. 87. 



Lucent and Pleistocene* alluvial dojiosits. 


]. I ’(‘ill of tlie recent period. 

2. (i ravel of modern river. 

2'. Leant or briek-eartli (loess) of same 
age as 2, formed by inundations 
of the river. 

3. Lower-level valley-gravel with ex- 

tinct mammalia (Pleistocene). 

S'. Loam of same age 


d. Higher-level valley-gravel (Pleisto- 
cene). 

4\ Loam of same age. 

5. Upland gravel of various kinds and 
periods, consisting in some places 
of unstratified boulder clay or 
glacial drift. 

C. Older rocks. 


section is given, illustrating the different position which the 
Ilecent and Pleistocene alluvial deposits occupy in many 
European valleys. 

The peat No. 1 has been formed in a low part of the modern 
alluvial plain, in parts of which gravel No. 2 of the recent 
period is seen. Over this gravel the loam or fine sediment 2' 
has in many places been deposited by the river during floods 
which covered nearly the whole alluvial plain. 

No. represents an older alluvium, composed of sand and 
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gravel, formed before the valley had been excavated to its 
present depth. It contains the remains of fluviatile shells of 
living species associated with the bones of mammalia, in part 
of recent, and in part of extinct species. Among the latter 
the mammoth ( E . primigenius ) and the Siberian rhinoceros (Ii. 
tichorhinus) are the most common in Europe. No. 3' is a rem- 
nant of the loam or brick earth by which No. 3 was over- 
spread. No. 4 is a still older and more elevated terrace, 
similar in its composition and organic remains to No. 3, and 
covered in like manner with its inundation mud, 4' Some- 
times the valley gravels of older date are entirely missing, or 
there is only one, and occasionally there are more than two, 
marking as many successive stages in the excavation of the 
valley. They usually occur at heights varying from 10 to 100 
feet, sometimes on tlie right, and sometimes on the left side of 
the existing river-plain, but rarely in great strength on exactly 
opposite sides of the valley. 

Among the genera of extinct quadrupeds most frequently met 
with in England, France, Germany, and other parts of Europe, 
are the elephant, rhinoceros, hippopotamus, horse, great Irish 
deer, bear, tiger, and hyama. In the peat No. 1 (fig. 87), 
and in the more modern gravel and silt (No. 2), works of art 
of the ages of iron and bronze, and of the later or Neolithic 
stone period, already described, are met with. In the more 
ancient or Paleolithic gravels, 3 and 4, there have been found 
of late years in several valleys in France and England — as, for 
example, in those of the Seine and Somme, and of the Thames 
and Ouse, near Bedford — stone implements of a rude type, 
showing that man coexisted in those districts with the mammoth 
and other extinct quadrupeds of the genera above enumerated. 
In 1847, M. Boucher de Perthes observed in an ancient 
alluvium at Abbeville, in Picardy, the bones of extinct mammalia 
associated in such a manner with flint implements of a rude 
type as to lead him to infer that both the organic remains 
and the works of art were referable to one and the same period. 
This inference was soon after confirmed by Mr. Prestwich, who 
found in 1859 a flint tool in situ in the same stratum at 
Amiens that contained the remains of extinct mammalia. 

The flint implements found at Abbeville and Amiens are most 
of them considered to be hatchets and spear-heads (figs. 88 
and 89), and are different from those commonly called 4 celts ’ 
(fig. 90). These celts, so often found in the recent formations, 
have a more regular oblong shape, the result of grinding, by 
which also a sharp edge has been given to them. The Abbe- 
ville tools found in gravel at different levels, as in Nos. 3 and 4, 
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Fig. 88. 


Fig. 89. 



Unpolished spenr-lioad-shnped flint 
implement. St. Aclxul. 
One-tliird of the original hi/e. 



Unpolished ovftl-shnped flint 
hatchet. iMuutort, near Abbeville. 
One-thinl of the original size. 


Fig. 90. 



Polished celt found at 
Coton, Cambridgeshire, 
166a. One-half of the 
original size. 


iig. 87, in which bonefc of the elephant, 
rhinoceros, and other extinct mammalia 
occur, are always uiiground, having evi- 
dently been brought into their present 
form simply by the chipping oil' of frag- 
ments of flint by repeated blow s, such as 
could be given by a stone hammer. 

Some of them are oval, others of a 
spear-lioaded form, no two exactly alike, 
and yet the greater number of each kind 
are obviously fashioned after the same 
general pattern. Their outer surface is 
often white, the original black flint having 
been discoloured and bleached by expo- 
sure to the air, or by the action of 
acids, as they lay in the gravel. They 
are most commonly stained of the same 
ochreous colour as the flints of the gravel 
in w hich they are imbedded. Occasionally 
their antiquity is indicated not only by 
their colour but by superficial incrus- 
tations of carbonate of lime, or by den- 
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drites formed of oxide of iron and manganese. Tlie edges also 
of most of them aro worn, sometimes by having been used as 
tools, or sometimes by having been rolled in the old river’s 
bed. They arc met with not only in the lower-level gravels, 
as in No. 3, fig. 87, but also in No. 4, or the higher gravels, 
as at St. Acheul, in the suburbs of Amiens, where the old 
alluvium lies at an elevation of about 100 feet above the level 
of the river Somme. At both levels fluviatile and land-shells 
are met with in the loam as well as in tlie gravel, but there are 
no marine shells associated, except at Abbeville, in the lowest 
part of the gravel, near the sea, and a few feet only above the 
present high-water mark. Here with fossil shells of living 
species are mingled the bones of Elcphas primUfcnius and 
E. antiquus , Jtlhinoccros tichorhinus , Hippopotamus , Fells leo 
( var . spehva,) IIy<cna crocuta ( var . spdwo), reindeer, and many 
others, the bones accompanying the flint implements in such 
a manner as to show that both were buried in the old alluvium 
at the same period. 

Nearly the entire skeleton of a rhinoceros was found at one 
point, namely, in the Menchecourt drift at Abbeville, the bones 
being in such juxtaposition as to show that the cartilage must 
have held them together at the time of their inhumation. 

The general absence here and elsewhere of human bones from 
gravel and sand in which flint tools are discovered, may in some 
degree be due to the present limited extent of our researches. 
But it may also bo presumed that when a hunter population, 
always scanty in numbers, ranged over this region, they wero 
too wary to allow themselves to be overtaken by the floods 
which swept away many herbivorous animals from the low river- 
plains where they may have been pasturing or sleeping. Beasts 
of prey prowling about tlie same alluvial flats in search of food 
may also have been surprised more readily than the human 
tenant of the same region, to whom the signs of a coming 
tempest were better known. 

Inundation-mud of rivers. — Brick-earth. — Fluviatile 

loam, or loess. — As a general rule, the fluviatile alluvia of 
different ages (Nos. 2, 3, 4, fig. 87) are severally made up of 
coarse materials in their lower portions, and of fine silt or loam 
in their upper parts. For rivers are constantly shifting their 
position in the valley-plain, encroaching gradually on one bank, 
near which there is deep water, and deserting the other or 
opposito side, where the channel is growing shallower, being 
destined eventually to be converted into land. Where the 
current runs strongest, coarse gravel is swept along, and where 
its velocity is slackened, first sand, and then only the finest 
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mud, is thrown down. A thin film of this fine sediment is 
spread, during floods, over a wide area, on one,vxr sometimes 
on both sides, of the main stream, often reaching as far as the 
base of the bluffs or higher grounds which bound the valley. 
Of such a description are the well-known annual deposits of the 
Nile, to which Egypt owes its fertility. So thin are they, that 
the aggregate amount accumulated in a century is said rarely to 
exceed five inches, although in the course of thousands of years 
it has attained a vast thickness, the bottom not having been 
reached by borings extending to a depth of (50 feet towards the 
central parts of the valley. Everywhere it consists of the same 
homogeneous mud, destitute of stratification — the only signs of 
successive accumulation being where the Nile has silted up its 
channel, or where the blown sands of the Libyan desert have 
invaded the j>lain, and given rise to alternate layers of sand 
and mud. 

In European river-loams we occasionally observe isolated 
pebbles and angular pieces of stone which have been floated by 
ice to the places where they now occur ; but no such coarse 
materials arc met with in the plains of Egypt. 

In some parts of the valley of the Rhine the accumulation of 
similar loam, called in Germany ‘ loess,’ has taken place on an 
enormous scale. Its colour is yellowish -grey, and very homo- 
geneous ; and Professor liisolioff has ascertained, by analysis, 
that it agrees in composition with the mud of the Nile. Al- 
though for the most part unstratified, it betrays in some places 
marks of stratification, especially where it contains calcareous 
concretions, or in its lower part where it rests on subjacent 
gravel and sand which alternate with each other near the 
junction. About a sixth part of the whole mass is composed of 
carbonate of lime, and there is usually an intermixture of fine 
quartzose and micaceous sand. 

Fig. 01. Fig. 02. Pig. 93 . 



Succinea elongata. 



Pupa muscorum (Linn.). 



Helix hispida ( plebcia ) (Linn.). 


Although this loam of the Rhine is unsolidified, it usually 
terminates where it has been undermined by running water in 
a vertical cliff’, from the face of which shells of terrestrial, 
freshwater and amphibious mollusks project in relief. These 
shells do not imply the permanent sojourn of a body of fresh 
water on the spot, for the most aquatic of them, the Succinea , 
inhabits marshes and wet grassy meadows. The Succinea cion - 
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gata (or S. oblongata ), fig. 91, is very characteristic both of the 
loess of the Rhine and of some other European river-loams. 

Among the land-shells of the Rhenish loess, Helix hispida, 
fig. 03, and Pupa muscornm, fig. 92, are very common. Both 
the terrestrial and aquatic shells are of most fragile and 
delicate structure, and yet they are almost invariably perfect 
and uninjured. They must have boon broken to pieces had 
they been swept along by a violent inundation. Even the 
colour of some of the land-shells, as that of Helix ncmoralis , is 
occasionally preserved. 

In parts of the valley of the Rhine, between Bingen and 
Basle, the fluviatile loam or loess now under consideration is 
several hundred feet thick, and contains here and there through- 
out that thickness land and amphibious shells. As it is seen in 
masses fringing both sides of the great plain, and as occasionally 
remnants of it occur in the centre of the valley, forming hills 
several hundred feet in height, it seems necessary to suppose, 
first, a time when it slowly accumulated ; and secondly, a later 
period, when large portions of it were removed, or when the 
original valley, Avliich had been partially filled up with it, was 
re-excavated. 

Such changes may have been brought about by a great move- 
ment of oscillation, consisting first of a general depression of the 
land, and then of a gradual re- elevation of the same. The 
amount of continental depression which first took place in the 
interior, must be imagined to have exceeded that of the region 
near the sea, in which case the higher part of the great valley 
would have its alluvial plain gradually raised by an accumulation 
of sediment, which would only cease when the subsidence of the 
land was at an end. If the direction of the movement was then 
reversed, and, during the re-elevation of the continent, the 
inland region nearest the mountains should rise more rapidly 
than that near the coast, the river would acquire a denuding 
power sufficient to enable it to sweep away gradually nearly all 
the loam and gravel with which parts of its basin had been filled 
up. Terraces and hillocks of mud and sand would then alone 
remain to attest the various levels at which the river had thrown 
down and afterwards removed alluvial matter. 

Cavern deposits containing human remains and bones of 
extinct animals. — In England, and in almost all countries 
where limestone rocks abound, caverns are found, usually con- 
sisting of cavities of large dimensions, connected together by 
low , narrow, and sometimes tortuous galleries or tunnels. 
These subterranean vaults are usually filled in part with mud, 
pebbles, and breccia, in which bones occur belonging to the 
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same assemblage of animals as those characterising the Pleis- 
tocene (Post-pliocene) alluvia above described. Some of these 
bones are referable to extinct and others to living species, and 
they are occasionally intermingled, as in the valley gravels, 
with implements of one or other of the great divisions of the 
stone age, and these are not unfrequently accompanied by 
human bones, which are much more common in cavern deposits 
than in valley alluvium. 

Each suite of caverns, and the passages by which they com- 
municate the one with the other, afford memorials to the 
geologist of successive phases through which they must have 
passed. First, there was a period when the carbonate of lime 
was carried out gradually by springs ; secondly, an era when 
engulfed rivers or occasional floods swept organic and inorganic 
debris into the subterranean hollows previously formed ; and 
thirdly, there were such changes in the configuration of the 
region as caused the engulfed rivers to be turned into new 
channels, and springs to be dried up, after which the cave-mud, 
breccia, gravel, and fossil bones would bear the same kind of 
relation to tho existing drainage of the country as the older 
valley-drifts with their extinct mammalian remains and works 
of art bear to the present rivers and alluvial plains. 

The quarrying away of Large masses of Carboniferous and 
Devonian limestone, near Lidge, in Belgium, has afforded the 
geologist magnificent sections of some of these caverns, and the 
former communication of cavities in the interior of the rocks 
with the old surface of the country by means of vertical or 
oblique fissures, has been demonstrated in places where it 
would not otherwise have been suspected, so completely have 
the upper extremities of these fissures been concealed by super- 
ficial drift, while tlioir lower ends, which extended into the 
roofs of the caves, are masked by stalactitic incrustations. 

The origin of the stalactite has been thus explained by tho 
eminent chemist Liebig. Mould or humus, being acted on by 
moisture and air, evolves carbonic acid, winch is dissolved by 
rain. The rain water, thus impregnated, permeates the porous 
limestone, dissolves a portion of it, and afterwards, when the ex- 
cess of carbonic acid evaporates in the caverns, parts with tho 
calcareous matter, and forms stalactite. Even while caverns 
are still liable to be occasionally flooded such calcareous in- 
crustations accumulate, but it is generally when they are no 
longer in the line of drainage that a solid floor of hard stalag- 
mite is formed on tho bottom. 

The late Dr. Schmerling examined forty caves near Liege, 
and found in all of them the remains of the same fauna, com- 
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prising tlie mammoth, tichorhine rhinoceros, cave-boar, cave- 
liymna, cave-lion, and many others, some of extinct and some 
of living species, and in all of them flint implements. In four 
or live caves only parts of human skeletons were met with, 
comprising sometimes skulls with a few other bones, sometimes 
nearly every part of the skeleton except the skull. In one of 
the caves, that of Engihoul, where Schmerling had found the 
remains of at least three human individuals, they were mingled 
in such a manner with bones of extinct mammalia, as to leave no 
doubt on his mind (in 1833) of man having coexisted with them. 

In 1800, Professor Malaise, of Liege, explored with me this 
same cave of Engihoul, and beneath a hard floor of stalagmite 
we found mud full of the bones of extinct and recent animals, 
such as Schmerling had described, and my companion persever-, 
ing in his researches after I had returned to England, extracted 
from the same deposit two human lower jaw-bones retaining their 
teeth. The skulls from these Belgian caverns display no marked 
deviation from the normal European type of the present day. 

Tlie careful investigations carried on by Dr. Falconer, Mr. , 
Pengelly, and others, in tlie Brixham cave near Torquay, inj 
1858, demonstrated that flint knives were there embedded in ; 
such a manner in loam underlying a floor of stalagmite as to 
prove that man had been an inhabitant of that region when the 
cave-bear and other members of the ancient Pleistocene fauna 
were also in existence. 

Tlie absence of gnawed bones had led Dr. Schmerling to infer 
that none of the Belgian caves which he explored had served as 
the delis of wild beasts ; but there are many caves in Germany 
and England which have certainly been so inhabited, esjmcially 
by the extinct hymna and bear. 

A line example of a liy mini’s den was afforded by the cave of 
Kirk dale, so well described by the late Dr. Buckland in his 
Ileliqula Diluviaibfv. In that cave, above twenty-five miles 
NNE. of York, the remains of about 300 liymiias, belonging to 
individuals of every age, were detected. The species {II > /ana 
spalaa) has been considered by paleontologists as extinct ; it was 
larger than the fierce llt/oua Croatia of South Africa, which it 
closely resembled, and of which it is regarded by Mr. Boyd 
Dawkins as a variety. Dr. Buckland, after carefully examining 
the spot, proved that the hymn as must have lived there ; a fact 
attested by the quantity of their dung, which, as in the case ofj 
the living hymna, is of nearly the same composition as bone,j 
and almost as durable. In the cave were found tlie remains ofi 
the ox, young elephant, hippopotamus, rhinoceros, horse, bear, • 
Wolf, liarc, water-rat, and several birds. All the bones have: 
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the appearance of having been broken and gnawed by the teeth 
of the hyeenas ; and they occur confusedly mixed in loam or mud, 
or dispersed through a crust of stalagmite which covers it. In 
these and many other cases it is supposed that portions of 
herbivorous quadrupeds have been dragged into caverns by 
beasts of prey, and have served as their food — an opinion quite 
consistent with the known habits of the living hymna. 

Australian cave-breccias . — Ossiferous breccias are not confined 
to Europe, but occur in all parts of the globe ; and those dis- 
covered in fissures and caverns in Australia correspond closely 
in character with what lias been called the bony breccia of the 
Mediterranean, in which the fragments of bone and rock are 
firmly bound together by a red oclireous cement. 

Some of these caves were examined by the late Sir T. Mitchell 
in the Wellington Valley, New South Wales, about 210 miles 
west of Sydney, on the river Bell, one of the principal sources 
of the Macquarie, and on the Macquarie itself. The caverns 
often branch oil' in different directions through the rock, widen- 
ing and contracting their dimensions, and the roofs and floors 
are covered with stalactite. The bones are often broken, but do 
not seem to be water- worn. In some places they lie embedded 
in loose earth, but they are usually included in a breccia. 

The remains belong to marsupial animals. Among the most 
abundant are those of the kangaroo , of which there are four 
species, while others belong to the genera Fhascolomys , the 
wombat ; Dasyurus , the ursine opossum ; Fhalangista , the 
vulpine opossum ; and Hypsiprymnus , the kangaroo-rat. 


FI g. 94. 



Part of lower jaw of Macropus alias. Owen. A young individual of an extinct species, 
a. Permanent false molar, in the alveolus. 

In the fossils above enumerated, several species are larger 



ch. x.] GEOGRAPHICAL RELATIONS OF FOSSILS. 137 


than the largest living ones of the same genera now known in 
Australia. The preceding figure of the right side of a lower 
jaw of a fossil kangaroo {Macropus atlas , Owen) will at once bo 
seen to exceed in magnitude the corresponding part of the 
largest living kangaroo, which is represented in fig. 95. In both 


Fig. 95. 



Lower jaw of largest living species of kangaroo. 
( Macropus major.) 


theso specimens part of the substance of the jaw has been 
broken open, so as to show the i>ermanent false molar (a, fig. 94), 
concealed in the socket. From the fact of this molar not having 
been cut, we learn that the individual was young, and had not 
shed its first teeth. 

The reader will observe that all these extinct quadrupeds of' 
Australia belong to the marsupial family, or, in other words, 
that they are referable to the same peculiar type of organisation! 
which now distinguishes the Australian mammalia from those! 
of other parts of the globe. This fact is one of many pointing 
to a general law deducible from the fossil vertebrate and iii4 
vertebrate animals of times immediately antecedent to our own,* 
namely, that the present geographical distribution of organic' 
forms dates back to a period anterior to the origin of existing 
species ; in other words, the limitation of particular genera or 
families of quadrupeds, mollusca, &c., to certain existing 
provinces of land and sea, began before the larger part of the 
species now contemporary with man had been introduced into 
the earth. 

Professor Owen, in his excellent ‘History of British Fossil 
Mammals,’ has called attention to this law, remarking that the 
fossil quadrupeds of Europe and Asia differ from those of 
Australia or South America. We do not find, for example, in 
the Europoeo- Asiatic province fossil kangaroos, or armadillos, 
but the elephant, rhinoceros, horse, bear, hysena, beaver, hare, 
mole, and others, which still characterise the same continent. 
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Jn like manner, in the Pampas of South America the 
skeletons of Megatherium, Megalonyx, Glyptodon, Mylodon, 
Toxodon, Macrauchenia, and other extinct forms, are analogous 
to the living sloth, armadillo, cavy, capybara, and llama. The 
fossil quadrumana, also associated with some of these forms in 
the Brazilian caves, belong to the Platyrrhine family of monkeys, 
now peculiar to South America. That the extinct fauna of 
Buenos Ayres and Brazil was very modern has been shown by 
its relation to deposits of marine shells, agreeing with those 
now inhabiting the Atlantic. 

The law of geographical relationship above alluded to, 
between the living vertebrata of every groat zoological province 
and the fossils of the period immediately antecedent, even 
where the fossil species arc extinct, is by no means confined to 
the mammalia. New Zealand, when first examined by Euro- 
j peans, was found to contain no indigenous land quadrupeds, 
j no kangaroos, or opossums, like Australia ; but a small bird 
wingless or with very rudimentary wings abounded there, the 
smallest living representative of the ostrich family, called the 
' Kiwi by the natives (Apteryx). In the fossils of the Pleistocene 
period in this same island, there is the like absence of kangaroos, 
opossums, wombats, and the rest ; but in their place a prodigious 
number of well-preserved specimens of gigantic birds of the 
struthious order, belonging to genera called by Owen Dinar nis 
and Palaptcry.ii', which are entombed in superficial deposits. 
These genera comprehended many species, some of which were 
four, some seven, others nine, and others eleven feet in height ! 
It seems doubtful whether any contemporary mammalia shared 
the land with this population of gigantic feathered bipeds. 

Mr, Darwin, when describing the recent and fossil mammalia 
of South America, has dwelt much on the wonderful relationship 
of the extinct to the living types in that part of the world, in- 
ferring from such geographical phenomena that the existing 
species are all related to the extinct ones which preceded them 
by a bond of common descent. 

Climate of the Pleistocene period. — The evidenco as to the 
climate of Europe during this epoch is somewhat conflicting. 
The fluviatile and land-shells are all of existing species, but 
their geographical range has not always been the same as at 
present. Some, for example, which then lived in Britain are 
now only found in Norway and Finland, probably implying that 
the Pleistocene climate of Britain was colder, especially in 
the w r inter. So also the reindeer and the musk sheep ( Ovibos 
moschatuii ), now inhabitants of the Arctic regions, occur fossil in 
the valleys of the Thames and Avon, and also in France and 
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Germany, accompanied in most places by the mammoth and the 
woolly rhinoceros. At Grays in Essex, on the other hand, 
another species both of elephant and of rhinoceros occur, to- 
gether with a hippopotamus and the Oyrcna fluminalis , a shell 
now extinct in Europe but still an inhabitant of the Nile and 
some Asiatic rivers. With it occurs the TJnio litt oralis now 
living in tho Seine and Loire. In the valley of the Somme 
flint tools have been found associated with Hippopotamus major 
and Cj/n’va Jlvminal is in the lower level Pleistocene gravels ; 
while in the higher level (and more ancient) gravels similar 
tools are more abundant, and arc associated with the bones of 
the mammoth and other Pleistocene quadrupeds, indicative of 
a colder climate. 

It is possible that we may hero have evidence of summer and 
winter migrations rather than of a general change of tompera- 
ture. Instead of imagining that the hippopotamus lived all the? 
year round with the musk-ox and lemming, we may rather! 
suppose that the apparently conflicting cvidenco may be due to; 
the place of our observations being near the boundary line of a 
northern and southern fauna, either of which may have advanced 
or receded during comparatively slight and temporary fluctua- 
tions of climate. There may then have been a continuous land* 
communication between England and the North of Siberia, as 
well as in an opposite direction with Africa, then united to 
Southern Europe. 

In drift at Fislierton, near Salisbury, thirty feet above the 
river Wiley, the Greenland lemming and a new species of the 
Arctic genus Hpermophilus have been found, along with tho 
mammoth, reindeer, cave-liyrena, and other mammalia suited to 
a cold climate. A flint implement was taken out from beneath 
the bones of tho mammoth. In a higher and older deposit in 
the vicinity, flint tools like those of Amiens have been dis-! 
covered. Noarly all the known Pleistocene (Post-pliocene) J 
quadrupeds have now been found accompanying flint knives or 
hatchets in such a way as to imply their coexistence with man ; 
and we have thus the concurrent testimony of several classes of 
geological facts to the vas t antiqu ity of the human race. In 
the first place, the disappearance of a great variety of species of 
wild animals from every part of a wide continent must have 
required a vast period for its acconqdishment ; yet this took 
place while man existed upon the earth, and was completed 
before that early period when the Danish shell mounds were 
formed or the oldest of tho Swiss lake-dwellings constructed. 
Secondly, the deepening and widening of valleys, indicated by 
the position of the river gravels at various heights, implies an 
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amount of change of which that which has occurred during the 
historical period forms a scarcely perceptible part. Thirdly, 
the change in the course of rivers which once flowed through 
caves now removed from any line of drainage, and the forma- 
tion of solid floors of stalagmite, must have required a great 
lapse of time. Lastly, ages must have been required to change 
the climate of wide regions to such an extent as completely to 
alter the geographical distribution of many mammalia as well 
as land and fresh- water shells. The 3,000 or 4,000 years of the 
historical period do not furnish us with any appreciable measure 
for calculating the number of centuries which would suffice for 
such a series of changes, which are by no means of a local 
character, but have operated over a considerable part of Europe. 

Relative longevity of species in the mammalia and 
testacea. — I called attention in 1830 1 to the fact, which had 
not at that time attracted notice, that the association in the 
Pleistocene deposits of shells, exclusively of living species, 
with many extinct quadrupeds, betokened a longevity of species 
in the testacea far exceeding that in the mammalia. Subse- 
quent researches seem to show that this greater duration of the 
same specific forms in the class mollusca is dependent on a still 
more general law, namely, that the lower the grade of animals, 
or tho greater the simplicity of their structure, the more 
persistent are they in general in their specific characters 
tn.oughout vast periods of time. Not only have the inverte- 
brata, as shown by geological data, altered at a less rapid rate 
than the vortebrata, but if we take one of the classes of the 
former, as for example the mollusca, we find those of more 
simple structure to have varied at a slower rate than those of a 
higher and more complex organisation ; the brachiopoda, for 
example, more slowly than the lamellibranchiate bivalves, 
while the latter have been more persistent than the univalves, 
whether gasteropoda or cephalopoda. In like manner the 
specific identity of the characters of the foraminifera, which are 
amolig the lowest types of the invertebrata, has outlasted that 
of the mollusca in an equally decided manner. 

Teetli of Pleistocene mammalia.—- To those who have 
never studied comparative anatomy, it may seem scarcely 
credible that a single bone taken from any part of the skeleton 
may enable a skilful osteologist to distinguish, in many cases, 
the genus, and sometimes the species of quadrupeds to which 
it belonged. Although few geologists can aspire to such 
knowledge, which must be the result of long practice and study, 
they will nevertheless derive great advantage from learning, 

1 Principles of Geology, 1st cd. vol. iii. p. 110. 




Elephas ?neridionali$, Nesti. Penultimate molar, ono-third of natural size. 
Newer Pliocene. 
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what is comparatively an easy task, to distinguish the principal 
divisions of the mammalia by the forms and characters of their 
teeth. 

The annexed figures represent the teeth of some of the more 
common species and genera found in alluvial and cavern deposits. 

On comparing the grinding surfaces of the corresponding 
molars of the three species of elephants, figs. 90, 97, 98, it 
will be seen that the folds of enamel are most numerous in the 
mammoth ; fewer and wider, or more open, in E. antiquus • and 
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most open and fewest in E, meridionalis. It will be also seen 
that the enamel in the molar of the Rhinoceros tichorhinus (fig. 
100), is much thicker than in that of the Rhinoceros leptorhinns 
(fig. 99). 


Fig. 104. 


Fig. 105. 



Ox, common, from shell marl, Forfar- 
shire ; true molar, upper jaw ; two- 
thirds nat. size. Recent. 

c. Grinding surface. 

d. side view ; fangs uppermost. 


Fig. 10G. 


a. canine tooth or tusk of bear (Ursus 

spelonus ) ; from cave near Li6gc. 

b. molar of left side, upper jaw ; one- 

third of nat. size. Pleistocene. 


Fig. 107. 




Tiger. Hyima sju-hea, Goldf. (variety of 77. crocuta ) ; lower 

c. canine tooth of tiger (Felistigris)] jaw. Kent’s Hole, Torquay, Devonshire. One- 

recent. third nat. size. Pleistocene. 

d. outside view of posterior molar, 

lower jaw; one-third of nat. 
size; recent. 



Fig. 103. 
b 



Xt*m 



Teeth of a new species of Anieola, field-mouse ; from the Norwich Crag. 
Newer pliocene. 

a. grinding surface. 5. side view of same. c. nat. size of a and (>. 
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CHAPTER XI. 

PLEISTOCENE PERIOD CONTINUED. — GLACIAL CONDITIONS . 1 

Geographical distribution, form, and characters of glacial drift — Funda- 
mental rocks, polished, grooved, and scratched — Abrading and stria ting 
action of glaciers — Moraines, erratic blocks, and ‘ Roches Moutonnees ’ — 
Alpine blocks on the Jura — Continental ice of Greenland — Ancient centres 
of the dispersion of erratics — Transportation of drift by floating icebergs — 
Bed of the sea furrowed and polished by the running aground of floating 
ice-islands. 

Character and distribution of glacial drift. — In speaking of 
the loose transported matter commonly found on the surface of 
the land in all parts of the globe, I alluded to the exceptional 
character of what has been called the boulder formation in the 
temperate and Arctic latitudes of the northern hemisphere. 
The peculiarity of its form in Europe north of the 50th, and in 
North America north of the 40th parallel of latitude, is now 
universally attributed to the action of ice, and the difference of 
opinion respecting it is now chiefly restricted to the question 
whether land-ice or floating icebergs have played the chief part 
in its distribution. It is wanting in the warmer and equatorial 
regions, and reappears when we examine the lands which lie 
south of the 40th and 50tli parallels in the southern hemisphere, 
as, for example, in Patagonia, Terra del Fuego, and New Zealand. 
It consists of sand and clay, sometimes stratified, but often 
wholly devoid of stratification for a depth of 50, 100, or even a 
greater number of feet. To this unstratified form of the deposit 
the name of till has long been applied in Scotland. It generally 
contains a mixture of angular and rounded fragments of rock, 
some of large size, having occasionally one or more of their sides 
flattened and smoothed, or even highly polished. The smoothed 
surfaces usually exhibit many scratches parallel to each other, 
one set of which often crosses an older set. The till is almost 
everywhere wholly devoid of organic remains, except those 
washed into it from older formations, though in some places it 

1 As to the former excess of cold, conditions, see Principles, vol. i. 
whether brought about by modifica- (11th ed., 1872), chaps, xii. and xiii, 
tions in the height and distribution ‘ Vicissitudes of Climate.* 
of the land or by altered astronomical 
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contains marine shells usually of northern or Arctic species, and 
frequently in a fragmentary state. The bulk of the till has 
usually been derived from the grinding down into mud of rocks 
in the immediate neighbourhood, so that it is red in a region of 
Red Sandstone, as in Strathmore in Forfarshire ; grey or black 
in a district of coal and bituminous shale, as around Edinburgh ; 
and white in a chalk country, as in parts of Norfolk and Denmark. 
The stony fragments dispersed irregularly through the till usually 
belong, especially in mountainous countries, to rocks found in 
some ‘part of the same hydrographical basin ; but there are re- 
gions where the whole of the boulder clay has come from a dis- 
tance, and huge blocks, or ‘ erratics/ as they have been called, 
many feet in diameter, have not unfrequently travelled hundreds 
of miles from their point of departure, or from the parent rocks 
from which they have evidently been detached. These are 
commonly angular, and have often one or more of their sides 
polished and furrowed. 

The rock on which the boulder formation reposes, if it consists 
of granite, gneiss, marble, or other hard stone, capable of per- 
manently retaining any superficial markings which may have 
been imprinted upon it, is usually smoothed or polished, like 
the erratics above described ; and exhibits parallel striae and 
furrows having a determinate direction. This direction, both 
in Europe and North America, agrees generally in a marked 
manner with the course taken by the erratic blocks in the same 
district. The boulder clay, when it was first studied, seemed in 
many of its characters so singular and anomalous, that geologists 
despaired of ever being able to interpret the phenomena by re- 
ference to causes now in action. In those exceptional cases, 
where marine shells of the same date as the boulder clay wero 
found, nearly all of them were recognised as living species — a 
fact conspiring with the superficial position of the drift to indi- 
cate a comparatively modem origin. 

The term ‘ diluvium * was for a time the most popular namo 
of the boulder formation, because it was referred by many to 
the deluge of Noah, while others retained the name as expressive 
of their opinion that a series of diluvial waves raised by hurri- 
canes and storms, or by earthquakes, or by the sudden upheaval 
of land from the bed of the sea, had swept over the continents, 
carrying with them vast masses of mud and heavy stones, and 
forcing these stones over rocky surfaces so as to polish and im- 
print upon them long furrows and striae. But geologists were 
not long in seeing that the boulder formation was characteristic 
of high latitudes, and that on the whole the size and number of 
erratic blocks increases as we travel towards the Arctic regions. 
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They could not fail to be struck with the contrast which the 
countries bordering the Baltic presented when compared with 
those surrounding the Mediterranean. The multitude of tra- 
velled blocks and striated rocks in the one region, and the ab- 
sence of such appearances in the other, were too obvious to be 
overlooked. Even the great development of the boulder for- 
mation, with large erratics so far south as the Alps offered an 
exception to the general rule, favourable to the hypothesis that 
there was some intimate connection between it and accumu- 
lations of snow and ice. 

Transporting and abrading power of glaciers. — I have 
described elsewhere (‘Principles,’ vol. i. chap. xvi. 18G7) the 
manner in which the snow of the Alpine heights is prevented 
from accumulating indefinitely in thickness by the constant de- 
scent of a large portion of it by gravitation. Becoming converted 
into ice it forms what are termed glaciers, which glide down tlio 
principal valleys. On their surface are seen long lines or 
linear heaps of sand and mud, with angular fragments of rock 

Fig. 101). 



Limestone, polished, furrowed, and scratched by the glacier of Rosenlauiin 
Switzerland. (Agassiz.) 

a a. White streaks or scratches, caused by small grains of flint frozen into the ice, 
b b. Furrows. 


which fall from the steep slopes or precipices bounding the 
glaciers. These lines being arranged along the sides of the 
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glacier are termed lateral moraines. When two glaciers meet 
and continue their course as one glacier, the right lateral moraine 
of the one, and the left of the other meet together in the centre 
of the joint glacier forming what is called a medial moraine. 
When in Switzerland a glacier, laden with mud and stones, 
descends so far as to reach a region about 3,500 feet above the 
level of the sea, the warmth of the air is such that it melts 
rapidly in summer, and all the mud, sand, and pieces of rock, 
are slowly deposited at its lower end, forming a confused heap 
of unstratified rubbish called a terminal moraine and much 
resembling the till before described (p. 144). 

Besides the blocks thus carried down on the top of tho 
glacier , many fall through fissures in the ice to the bottom, 
where some of them become firmly frozen into the mass, and 
are pushed along the base of the glacier, abrading, polishing, 
and grooving the rocky floor below, as a diamond cuts glass, or 
as emery powder polishes steel, and the larger blocks are reci- 
procally grooved and polished by the rocky floor on their lower 
sides. The stria* which are made, and the deep grooves which 
are scooped out by this action, are rectilinear and parallel to an 
extent never seen in those produced on loose stones or rocks, 
where shingle is hurried along by a torrent, or by the waves on 
a sea-beach. In addition to these polished, striated, and 
grooved surfaces of rock, another proof of the former action of 
a glacier is afforded by the ‘roclies moutonnees,’ or projecting 
eminences of rock which have been smoothed and worn into tho 
shape of flattened domes by the glacier as it passed over them. 
They have been traced in the Alps to great heights above the 
present glaciers, and to great horizontal distances beyond them. 
Another effect of a glacier is to lodge a ring of stones round the 
summit of a conioal peak w hich may happen to j>roject tlirough 
the ice. If the glacier is lowered greatly by melting, these 
large angular fragments, which are called ‘ perched blocks,’ are 
left in a singular situation near the top of a steep hill or pinnacle, 
the lower parts of "which may bo destitute of boulders. 

Alpine blocks on theJura. — The moraines, erratics, polished 
surfaces, domes, perched blocks and strhe, above described, are 
observed in the great valley of Switzerland, fifty miles broad ; 
and on the Jura, a chain which lies to the north of this valley. 
The average height of the J ura is about one-third that of the 
Alps, and it is now entirely destitute of glaciers ; yet it also 
presents moraines, and polished and grooved surfaces. The 
erratics, moreover, which cover it, present a phenomenon which 
has astonished and perplexed the geologist for more than half a 
century. No conclusion can be more incontestable than that 
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these angular blocks of granite, gneiss, and other crystalline 
formations, came from the Alps, and that they have been 
brought for a distance of fifty miles and upwards across one of 
the widest and deepest valleys in the world ; so that they are 
now lodged on a chain composed of limestone and other for- 
mations, altogether distinet from those of the Alps. Their 
great size and angularity, after a journey of so many leagues, 
has justly excited wonder ; for hundreds of them are as large as 
cottages ; and one in particular, composed of gneiss, celebrated 
under the name of Pierre & Bot, rests on the side of a hill about 
900 feet above the lake of Neufchatel, and is no less than 40 feet 
in diameter. 

In the year 1821, M. Venetz first announced his opinion that 
the Alpine glaciers must formerly have extended far beyond 
their present limits, and the proofs, appealed to by him in con- 
firmation of this doctrine were acknowledged by all subsequent 
observers, and greatly strengthened by new observations and 
arguments. M. Charpcntier supposed that when the glaciers 
extended continuously from the Alps to the Jura, the former 
mountains were 2,000 or 3,000 feet higher than at present, 
Other writers, on the contrary, conjectured that the whole coun- 
try had been submerged, and the moraines and erratic blocks 
transported on floating icebergs ; but a careful study of the 
distribution of the travelled masses, and the total absence of 
marine shells from the old glacial drift of Switzerland, have 
gone far to disprove this last hypothesis. M. Guyot had, in 
1845, endeavoured to show that the Alpine erratics, instead of 
being scattered at random over the J ura and the great plain of 
Switzerland, as they would have been if they had been conveyed 
to their present sites by water, are arranged in a certain deter- 
minate order, strictly analogous to that which ought to prevail 
if they had once constituted the lateral, medial, and terminal 
moraines of great glaciers. The rocks chiefly relied on as 
ovidence of this distribution consist of three varieties of granite, 
besides gneiss, chlorite-slate, euphotide, serpentine, and a pecu- 
liar kind of conglomerate ; all of them mineral compounds, 
foreign alike to the great strath between the Alps and Jura, 
and to the structure of the Jura itself. 

Some geologists have objected to the theory of the transporta- 
tion by glaciers of Alpine erratics to the Jura, on the ground 
that according to'the present relative altitude of the two chains, 
the glaciers coming from the Alps could not have had an angle 
of inclination sufficiently great to carry their moraines to such 
heights on the inferior chain. This objection, if valid, would 
seem to have been strengthened by the discovery of a block of 
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granitic rock about thirteen feet in its longest diameter, resting 
on a height of the Jura called Buren Kopf, near Soleure. 
When I visited Soleure in the summer of 1873, my companion, 
Prof. Hughes, of Cambridge, ascertained the height of this 
block to be 4,037 Swiss feet (3,970 English feet) above the level 
of the sea. 

But I do not consider that we have any right to assume 
that the relative heights of the Alps and Jura have remained 
unaltered since the era of the transportation of the erratics, 
still less that the change of level which last took place was 
uniform over a great district, whether in quantity or direction. 
On the contrary, our experience during the best authenticated 
earthquakes would lead to precisely opposite conclusions, 
assuming that the present operations of nature ought to bo 
taken as our safest guide in regard to her course in past time. 
During the earthquake of January 1855, 1 in the north island of 
New Zealand, the point of maximum elevation as clearly shown 
on the sea-coast, and carefully measured by a competent scien- 
tific observer, was nine feet, and it was ascertained that it 
remained the same for many months after the shock. From 
the line of greatest upheaval the change of level gradually 
diminished when traced from NE. to SW., until at the end of 
twenty-three miles it died out, and gave place in the southern 
island south of Cook’s Straits to a depression of five feet, so 
that after the earthquake, ships were obliged to go three miles 
higher up the river Wairau to obtain a supply of fresh water. 

We may well suppose that the movements which went on in 
the Alps and Jura, instead of being uniform, may, according to 
the analogy of these movements in New Zealand and elsewhere 
(as in America and Sweden), have partaken rather of a see-saw 
motion, in which case the latest disturbance was very probably 
an upheaval of the lesser, and the lowering of the higher 
chain. 

In addition to the many evidences of the action of ice in 
the northern parts of Europe which we have already mentioned, 
there occur here and there in some of these countries, what 
are wanting in Switzerland, deposits of marine fossil shells, 
which exhibit so arctic a character that they must have led 
the geologist to infer the former prevalence of a much colder 
climate, even had he not encountered so many accompanying 
signs of ice-action. The same marine shells demonstrate the 
submergence of large areas in Scandinavia and the British Isles, 
during the glacial cold. 


1 Principles, 11th edit. vol. ii. p. 82. 
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A characteristic feature of the deposits under consideration in 
all these countries is the occurrence of large erratic blocks, and 
sometimes of moraine matter, in situations remote from lofty 
mountains, and separated from the nearest points where the 
parent rocks appear at the surface by great intervening valleys, 
or arms of the sea. We also often observe striae and furrows, as 
in Norway, Sweden, and Scotland, which deviate from the 
direction which they ought to follow if they had been connected 
with the present line of drainage, and they, therefore, imply the 
prevalence of a very distinct condition of things at the time 
when the cold was most intense. The actual state of North 
Greenland seems to afford the best explanation of such abnor- 
mal glacial markings. 

Greenland continental ice. — Greenland is a vast unexplored 
continent, buried under one continuous and colossal mass of ice 
that is always moving seaward, a very small part of it in an 
easterly direction, and all the rest westward, or towards Baffin’s 
Bay. All the minor ridges and valleys are levelled and con- 
cealed under a general covering of snow, but here and there 
some steep mountains protrude abruptly from the icy slope, and 
a few superficial lines of stones or moraines are visible at certain 
seasons, when no snow has fallen for many months, and when 
evajmration, promoted by the wind and sun, has caused much of 
the upper snow to disappear. The height of this continent is 
unknown, but it must be very great, as the most elevated lands 
of the outskirts, which are described as comparatively low, attain 
altitudes of 4,000 to 6,000 feet. The icy slope gradually lowers 
itself towards the outskirts, and then terminates abruptly in a 
mass about 2,000 feet in thickness, the great discharge of ice 
taking place through certain large friths which, at their upper 
ends, are usually about four miles across. Down these friths 
the ice is protruded in huge masses, several miles wide, which 
continue their course — grating along the rocky bottom like 
ordinary glaciers long after they have reached the salt water. 
When at last they arrive at parts of Baffin’s Bay deep enough to 
buoy up icebergs from 1,000 to 1,500 feet in vertical thickness,' 
broken masses of them float off, carrying with them on their 
(surface not only fine mud and sand but large stones. These 
fragments of rock are often polished and scored on one or more 
sides, and as the ice melts, they drop down to the bottom of the 
sea, where large quantities of mud are deposited, and this muddy 
bottom is inhabited by many mollusca. 

Although the direction of the ice-streams in Greenland may 
coincide in the main with that which separate glaciers would 
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take, yet the striation of the surface of the rocks of an ice-clad 
continent would, on the whole, differ considerably in its minor 
details from that which would be imprinted on rocks constituting 
a region of separate glaciers. For where there is a universal 
covering of ice there will be a general outward movement from 
the higher and more central regions towards the circumference 
and lower country, and this movement will be, to a certain 
extent, independent of the minor inequalities of hill and valley. 
The moving ice may sometimes cross even at right angles deep 
narrow ravines, or the crests of buried ridges, on which last it 
may afterwards seem strange to detect glacial strim and polishing 
when the liquefaction of the snow and ice has taken place. 

Rink mentions that in North Greenland, powerful springs of 
clayey water escape in winter from under the ice, where it 
descends to ‘ the outskirts,’ and, where, as already stated, it is 
often 2,000 feet thick — a fact showing how much grinding action 
is going on upon the surface of the subjacent rocks. I also learn 
from Dr. Torell that there are large areas in the outskirts, now 
no longer covered with permanent snow or glaciers, which ex- 
hibit on their surface unmistakcable signs of ancient ice-action, 
so that, vast as is the power now exerted by ice in Greenland, 
it must once have operated on a still grander scale. The land, 
though now very elevated, may perhaps have been formerly 
much higher. It is well known that the south coast of Green- 
land from latitude 00° to about 70° N. , has, for the last four 
centuries been sinking at the rate of several feet in a century. 
By this means a surface of rock, well scored and polished by 
ice, is now slowly subsiding beneath the sea, and is becoming 
strewed over, as the icebergs melt, with impalpable mud and 
smoothed and scratched stones. It is not precisely known how 
far north this downward movement extends. 

Drift carried toy icebergs. — An account was given so long 
ago as the year 1822, by Scores! >y, of icebergs seen by him in the 
Arctic seas drifting along in latitudes 09° and 70° N., which 
rose above the surface from 100 to 200 feet, and some of which 
measured a mile in circumference. Many of them were loaded 
with beds of earth and rock, of such thickness that the weight 
was conjectured to be from 50,000 to 100,000 tons. A similar 
transportation of rocks is known to be in progress in the 
southern hemisphere, where boulders included in ice are far 
more frequent than in the north. One of these icebergs was 
encountered in 1839, in mid-ocean, in the antarctic regions, 
many hundred miles from any known land, sailing northwards, 
with a large erratic block firmly frozen into it. Many of them, 
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carefully measured by the officers of the French exploring 
expedition of the Astrolabe, were between 100 and 225 feet high 
above water, and from two to five miles in length. Captain 
D’Urville ascertained one of them which he saw floating in the 
Southern Ocean to be 13 miles long and 100 feet high, with 
walls perfectly vertical. The submerged portions of such islands 
must, according to the weight of ice relatively to sea- water, be 
from six to eight times more considerable than the part which 
is visible, so that when they are once fairly set in motion, the 
mechanical force which they might exert against any obstacle 
standing in their way would be prodigious. 

We learn, therefore, from a study both of the arctic and an- 
tarctic regions, that a great extent of land may be entirely 
covered throughout the whole year by snow and ice, from the 
summits of the loftiest mountains to the sea-coast, find may yet 
send down angular erratics to the ocean. We may also conclude 
that such land will become in the course of ages almost every- 
where scored and polished like the rocks which underlie a 
glacier. The discharge of ice into the surrounding sea will take 
place principally through the main valleys, although these are 
hidden from our sight. Erratic blocks and moraine matter will 
be dispersed somewhat irregularly after reaching the sea, for not 
only will prevailing winds and marine currents govern the dis- 
tribution of the drift, but the shape of the submerged area will 
have its influence ; inasmuch as floating ice, laden with stones, 
will pass freely through deep water while it will run aground 
where there are reefs and shallows. Some icebergs in Baffin’s 
Bay have been seen stranded on- a bottom 1,000 or even 1,500 
feet deep. In the course of ages such a sea-bod may become 
densely covered with transported matter, from which some of 
the adjoining greater depths may be free. If, as in West 
Greenland, the land is slowly sinking, a large extent of the 
bottom of the ocean will consist of rock polished and striated 
by land-ice, and then oversproad by mud and boulders detached 
from melting bergs. 

The mud, sand, and boulders thus let fall in still water must 
be exactly like the moraines of terrestrial glaciers, devoid of 
stratification and organic remains. But occasionally, on the 
outer side of such j>acks of stranded bergs, the waves and cur- 
rents may cause the detached earthy and stony materials to be 
sorted according to size and weight before they reach the 
bottom, and to acquire a stratified arrangement. 

I have already alluded (p. 150) to the large quantity of ice, 
containing great blocks of stone, which is sometimes seen 
floating far from land, in the southern or Antarctic seas. After 
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the emergence, therefore, of such a sub-marine area, the super- 
ficial detritus will have no necessary relation to the hills, valleys, 
and river plains over which it will be scattered. Many a water- 
shed may intervene between the starting-point of each erratic 
or pebble and its final resting-place, and the only means of dis- 
covering the country from which it took its departure will consist 
in a careful comparison of its mineral or fossil contents with 
those of the parent rocks. 
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CHAPTER XII. 

PLEISTOCENE PEKIOD, CONTINUED. — GLACIAL CONDITIONS, 
CONCLUDED. 

Glaciation of Scandinavia and Russia — Glaciation of Scotland — Mammoth 
in Scotch till — Marine shells in Scotch glacial drift — Their Arctic charac- 
ter— -Rarity of organic remains in glacial deposits — Contorted strata in 
drift— Glaciation of Wales, England, and Ireland — Marine shells of Moel 
Tryfaen— Erratics near Chichester — -Glacial formations of North America 
— Many species of testacea and quadrupeds survived the glacial cold — 
Connection of the predominance of lakes with glacial action — Action of 
ice in preventing the silting up of lake-basins — Absence of lakes in the 
Caucasus — Equatorial lakes of Africa. 

Glaciation of Scandinavia and Russia. — In large tracts of 
Norway and Sweden, where there have been no glaciers in 
historical times, the signs of ice-action have been traced as 
high as 6,000 feet above the level of the sea. These signs 
consist chiefly of polished and furrowed rock surfaces, of 
moraines and erratic blocks. The direction of the erratics, 
like that of the furrows, has usually been conformable to the 
course of the principal valleys ; but the lines of both some- 
times radiate outwards in all directions from the highest land, 
in a manner which is only explicable by the hypothesis above 
alluded to of a general envelope of continental ice, like that of 
Greenland (p. 149). Some of the far-transported blocks havo 
been carried from the central parts of Scandinavia towards the 
Polar regions ; others southwards to Denmark ; some south- 
westwards, to the coast of Norfolk in England ; others south- 
eastwards, to Germany, Poland, and Russia. 

In the immediate neighbourhood of Upsala, in Sweden, I had 
observed, in 1834, a ridge of stratified sand and gravel, in the 
midst of which occurs a layer of marl, evidently formed origi- 
nally at the bottom of the Baltic, and containing the mussel, 
coclde, and other marine shells of living species, intermixed 
with some proper to fresh water. The marine shells are all of 
dwarfish size, like those now inhabiting the brackish waters of 
the Baltic ; and the marl, in which many of them are embedded, 
is now raised more than 100 feet above the level of the Gulf of 
Bothnia. Upon the top of this ridge repose several huge 
erratics, consisting of gneiss for the most part unrounded, from 
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9 to 16 feet in diameter, and which must have been brought 
into their present position since the time when the neighbour- 
ing gulf was already characterised by its peculiar fauna. Here, 
therefore, we have proof that the transport of erratics continued 
to take place, not merely when the sea was inhabited by the 
existing testacea but when the north of Europe had already 
assumed that remarkable feature of its physical geography, 
which separates the Baltic from the North Sea, and causes the 
Gulf of Bothnia to have only one-fourth of the saltness belonging 
to the ocean. In Denmark, also, recent shells have been found 
in stratified beds, closely associated with the boulder clay. 

Glaciation of Scotland. — Mr. T. F. Jamieson, in 1858, 
adduced a great body of facts to prove that the Grampians once 
sent down glaciers from the central regions in all directions 
towards the sea. ‘The glacial grooves,’ he observed, ‘radiate 
outwards from the central heights towards all points of the 
compass, although they do not always strictly conform to the 
actual shape and contour of the minor valleys and ridges.’ 

These facts and other characteristics of the Scotch drift lead 
us to the inference that when the glacial cold first set in, 
Scotland stood higher above the sea than at present, and was 
covered for the most part with snow and ice as Greenland is 
now. .This sheet of land-ice sliding down to lower levels, 
ground down and polished the subjacent rocks, sweeping off 
nearly all superficial deposits of older date, and leaving only 
till and boulders in their place. To this continental state 
succeeded a period of depression and partial submergence. The 
sea advanced over the lower lands, and Scotland was converted 
into an archipelago, some marine sand with shells being spread 
over the bottom of the sea. On this sand a great mass of 
boulder clay usually quite devoid of fossils was accumulated. 
Lastly, the land rc-emerged from the water, and, reaching a 
level somewhat above its present heights, became connected 
with the Continent of Europe, glaciers being formed once more 
in the higher regions, though the ice probably never regained 
its former extension. 1 After all these changes, 'there were 
some minor oscillations in the level of the land, on which, 
although they have had important geographical consequences, 
separating Ireland from England, for example, and England 
from the continent, we need not here enlarge. 

Mammoth in Scotch Tilt . — Almost all remains of the terrestrial 
fauna of the continent which preceded the period of submer- 
gence have been lost ; but a few patches of estuarine and fresh- 
water formations escaped denudation by submergence. To 
1 Jamieson, Quart. Geol. Journ. 1860, vol. xvi. p. c7 0. 
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these belong the peaty clay from which several mammoths* 
tusks and horns of reindeer were obtained at Kilmaurs in Ayr- 
shire as long ago as 1816. Mr. Bryce in 1865 ascertained that 
the freshwater formation containing these fossils rests on car- 
boniferous sandstone, and is covered, first by a bed of marine 
sand with arctic shells, and then with a great mass of till with 
glaciated boulders. 1 Still more recent explorations in the 
neighbourhood of Kilmaurs have shown that the freshwater for- 
mation contains the seed of the pond-weed Potamogeton and the 
aquatic Ranunculus ; and Mr. Young of the Glasgow Museum 
washed the mud adhering to the reindeer horns of Kilmaurs 
and that which filled the cracks of the associated elephants’ tusks, 
aiid detected in these fossils (which had been in the Glasgow 
Museum for half a century) abundance of the same seeds. 

All doubts therefore as to the true position of the remains of 
the mammoth, a fossil so rare in Scotland, have been set at rest, 
and it serves to prove that part of the ancient continent sank 
beneath the sea at a period of great cold, as the shells of the 
overlying sand attest. The incumbent till or boulder-clay is 
about 40 feet thick, but it often attains much greater thickness 
in the same part of Scotland. 

Marine shells of Scotch Drift . — The greatest height to which 
marine shells have yet been traced in this boulder-clay is at 
Airdrie in Lanarkshire, ten miles east of Glasgow, 524 feet 
above the level of the sea. At that spot they were found im- 
bedded in stratified clays with till above and below them. There 
appears no doubt that the overlying deposit was true glacial 

Fig. 110. Fig. 111. 

A Marie borealis, Chcm. ; Led a lanceolafa 

( A . arcfica, Moll.; A. coni - (oblonya), Sow. 

pressa, Mont.) 



Fig. 112. Fig. 11:*. Fig. 114. Fig. 115. 


Saxicava rmjosa , Peden island kus, yatka clausa , Trophon cluthra 

Penn. Moll. Pred. turn, LinnC*. 

^Northern shells common in the drift of the Clyde, in Scotland. 

till, as some boulders of granite were observed in it, which must 
have come from distances of sixty miles at the least. 

1 Bryce, Quart. Geo! Journ. vo! xxi, p. 217. 1865. 
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The shells above figured are only a few out of a large assemblage 
of living species, which, taken as a whole, bear testimony to con- 
ditions far more arctic than those now prevailing in the Scottish 
seas. But a group of marine shells, indicating a still greater ex 
cess of cold, has been brought to light since 1860 by the Rev. 
Thomas Brown, from glacial drift or clay on the borders of the 
estuaries of the Forth and Tay. This clay occurs at Elie in Fife, 


Fig. 116. Fig. 117. 



Le<la truncata. Tellina calcarea, Chcm. ( Tellina proxima 

a. Exterior of left valve. Brown.) 

b. Interior of same. a . Outside of left valve. 

b. Interior of same. 

and at Errol in Perthshire ; and has already afforded about 35 
shells, all of living species, and now inhabitants of arctic regions, 
such as Leda truncata , Tellina proxima (see figs. 116, 117), Pec- 
ten GramlandicuSj Orenella kevigata , Crenella nigra , and others, 
some of them first brought by Captain Sir E. Parry from the 
coast of Melville Island, latitude 76° N. These were all identi- 
fied in 1863 by Dr. Torell, who had just returned from a survey 
of the seas around Spitzbergen, where he had collected no less 
than 150 species of mollusca, living chiefly on a bottom of fine 
mud derived from the moraines of melting glaciers which there 
protrude into the sea. He informed me that the fossil fauna of 
this Scotch glacial deposit exhibits not only the species but also 
the peculiar varieties of mollusca now characteristic of very high 
latitudes. Their large size implies that they formerly enjoyed a 
colder, or, what was to them a more congenial climate, than that 
now prevailing in the latitude where the fossils occur. Marine 
shells have also been found in the glacial drift of Caithness 
and Aberdeenshire at heights of 250 feet, and in Banff of 350 
feet, and stratified drift continuous with the above ascends to 
heights of 500 feet. Already 75 species are enumerated from 
Caithness and the same number from Aberdeenshire and Banff, 
and in both cases all but six are arctic species. 

I formerly suggested that the absence of all signs of organic 
life in the Scotch drift might be connected with the severity of 
the cold, and also in some places with the depth of the sea 
during the period of extreme submergence : but my faith in 
such an hypothesis has been shaken by modem investigations, 
an exuberance of life having been observed both in arctic and 
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antarctic seas of great depth, and where floating ice abounds. 
The difficulty moreover of accounting for the entire dearth of 
marine shells in till is removed when once- we have adopted 
the theory of this boulder-clay being the product of land- ice. 
For glaciers coming down from a continental ice-sheet like that 
which covers Greenland, may fill friths many hundred feet below 
the sea-level, and even invade parts of a bay a thousand feet 
deep, before they find water enough to float off their terminal 
portions in the form of icebergs. In such a case till without 
marine shells may first accumulate, and then if the climate be- 
comes wanner and the ice melts, a marine deposit may be super- 
imposed on the till without any change of level being required. 

Another curious phenomenon bearing on this subject waB 
styled by the late Hugh Miller the 1 striated i>avements ’ of the 
boulder clay. Where portions of the till have been removed by 
the sea on the shores of the Forth, or in the interior by railway 
cuttings, the boulders embedded in what remains of the drift 
are seen to have been all subjected to a process of abrasion and 
striation, the stria} and furrows being parallel and persistent 
across them all, exactly as if a glacier or iceberg had passed 
over them and scored them in a manner similar to that so often 
undergone by the solid rocks below the glacial drift. It is pos- 
sible, as Mr. Geikie conjectures, that this second striation of 
the boulders may be referable to floating ice. 1 

Contorted Strata in If rift . — In Scotland the till is often covered 
with stratified gravel, sand, and clay, the beds of which are 
sometimes horizontal and sometimes contorted for a thickness 

Fig. 118. 

Gravel nml a - 
saml J, 'S. 



Section of contorted drift overlying till, seen on left bank of South Etk, 
near Cortackie, in 1840, 

of several feet. Such contortions are not uncommon in Forfar- 
shire, where I observed them, among other places, in a vertical 
cutting made in 1840 near the left bank of the South' Esk, east 

1 Geikie, Trans. Geol. Soc. Glasgow, vol, i. part 2, p. 68. 1863. 
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of the bridge of Cortachie. The convolutions of the beds of fine 
and coarse sand, gravel, and loam, extend through a thickness of 
no less than 25 feet vertical, or from b to c, fig. 115, the horizontal 
stratification being resumed very abruptly at a short distance, as 
to the right of f, g. The overlying coarse gravel and sand a, 
is in some places horizontal, in others it exhibits cross bedding, 
and does not partake of the disturbances which the strata b, c, 
have undergone. The underlying till is exposed for a depth of 
about 20 feet ; and we may infer from sections in the neighbour- 
hood that it is considerably thicker. 

In some cases I have seen fragments of stratified clays and 
sands, bent in like manner, in the middle of a great mass of 
till. Mr. Trimmer lias suggested, in explanation of such phe- 
nomena, the intercalation in the glacial period of large irregular 
masses of snow or ice between layers of sand and gravel. Some 
of the cliffs near Behring’s Straits, in which the remains of 
elephants occur, consist of ice mixed with mud and stones ; and 
Middendorf describes the occurrence in Siberia of masses of ice, 
found at various depths from the surface after digging through 
drift. Whenever the intercalation of snow and ice with drift, 
whether stratified or unstratified, has taken place, the melting 
of the ice will cause such a failure of support as may give rise to 
flexures, and sometimes to the most complicated foldings. But 
in many cases the strata may have been bent and deranged by 
the mechanical pressure of an advancing glacier, or by the side- 
way thrust of huge islands of ice running aground against sand- 
banks ; in which case, the position of the beds forming the 
foundation of the banks may not be at all disturbed by the 
shock. 

There are indeed many signs in Scotland of the action of 
fl oating ice, as might have been ex pected where proofs of sub- 
mergence in the Glacial Period are not wanting. Among these 
are the occurrence of large erratic blocks, frequently in clusters 
at or near the tops of hills or ridges, places which may have 
formed islets or shallows in the sea where floating ice would 
mostly ground and discharge its cargo on melting. Glaciers or 
land-ice would, on the contrary, chiefly discharge their cargoes 
at the bottom of valleys . Traces of an earlier and independent 
glaciation have also been observed in some regions where the 
striation, apparently produced by ice proceeding from the north- 
west, is not explicable by the radiation of land-ice from a 
central mountainous region. 1 

Glaciation of Wales and England. — The mountains of 

1 Milne Home, Trans. Royal Soe. Edinburgh, vol. xxv. 1868-9. 
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North Wales were recognised, in 1842, by Dr. Buckland, as 
having been an independent centre of the dispersion for erratics 
— great glaciers, long since extinct, having radiated from the 
Snowdonian heights in Carnarvonshire, through seven principal 
valleys towards as many points of the compass, carrying with 
them large stony fragments, and grooving the subjacent rocks 
in as many directions. 

Besides this evidence of land glaciers, Mr. Trimmer had pre- 
viously, in 1831, detected the signs of a great submergence in 
Wales in the Pleistocene period. He had observed stratified 
drift, from which he obtained about a dozen species of marine 
shells, near the summit of Moel Tryfaen, a hill 1,400 feet high 
on the south side of the Menai Straits. I had an opportunity 
of examining in the summer of 18G3, in company with the Iiev. 
W. S. Symonds, a long and deep cutting made through this 
drift by the Alexandra Mining Company in search of slates. 
At the top of the hill above-mentioned we saw a stratified mass 
of incoherent sand and gravel 35 feet thick, from which no less 
than 54 species of mollusca, besides three characteristic arctic 
varieties — in all 57 forms — have been obtained by Mr. Darbi- 
shire. They belong without exception to species still living 
in British or more northern seas ; eleven of them being exclu- 
sively arctic, four common to the arctic and British seas, and 
a large proportion of the remainder having a northward range, 
or, if found at all in the southern seas of Britain, being com- 
paratively less abundant. Tn the lowest beds of the drift were 
large heavy boulders of far- transported rocks, glacially polished 
and scratched on more than one side. Underneath the whole 
we saw the edges of vertical slates exposed to view ; they were 
smoothed in places, but there was nowhere a sufficient exposure 
to enable us to decide whether it was the effect of glaciation or 
beach erosion. The whole deposit has much the appearance 
of an accumulation in shallow water or on a beach, and it pro- 
bably acquired its thickness during the gradual subsidence of 
the coast — an hypothesis which would require us to ascribe to 
it a high antiquity, since we must allow time, first for its sink- 
ing, and then for its re-elevation. 

The height reached by these fossil shells on Moel Tryfaen is 
no less than 1,300 feet — a most important fact when we con- 
sider how very few instances we have on record beyond the 
limits of Wales, whether in Europe or North America, of 
marine shells having been found in glacial drift at half the 
height above indicated. A marine molluscous fauna, however, 
agreeing in character with that of Moel Tryfaen and comprising 
as many species, was found by Mr, Prestwich, in 1802, at Yale 



CH. XII.] 


ERRATICS NEAR CHICHESTER. 


161 


Royal near Macclesfield at an elevation between 1,100 and 1,200 
feet and similar patches have been found at lesser heights in 
other places in central England. 

Professor Ramsay 1 estimated the probable amount of sub- 
mergence during some part of the glacial period at about 2,300 
feet ; for he was unable to distinguish the superficial sands and 
gravel which reached that high elevation from the drift which, 
at Moel Tryfaen and at lower points, contains shells of living 
species. The evidence of the marine origin of the highest 
drift is no doubt inconclusive in the absence of shells, so great 
is the resemblance of the gravel and sand of a sea beach and of 
a river’s bed, when organic remains are wanting ; but, on the 
other hand, when we consider the general rarity of shells in 
drift which we know to be of marine origin, we cannot suppose 
that, in the shelly sands of Moel Tryfaen, we have hit upon the 
exact uppermost limit of marine deposition, or, in other words, 
a precise measure of the submergence of the land beneath the 
sea during the glacial period. 

We are gradually obtaining proofs of the larger part of Eng- 
land, north of a line drawn from the mouth of the Thames to 
the Bristol Channel, having been under the sea and traversed 
by floating ice since the commencement of the glacial epoch. 
Among recent observations illustrative of this point, I may 
allude to the discovery, by Mr. J. F. Bateman, at Mottram, east 
of Manchester, fifty miles from the sea, and at the height of 568 
feet above its level, of till containing rounded and angular stones 
and marine shells, such as Turritella communis , Purpura lapillus, 
Cardium cdule , and others, among which Trophon clathratnm 
( = Fusus Bamffiusj) though still surviving in North British seas, 
indicates a cold climate. 2 

Erratics near Chichester . — The most southern memorials of 
ice-action and of a Pleistocene fauna in Great Britain is on 
the coast of the county of Sussex, about 25 miles west of 
Brighton, and 10 south of Chichester. A marine deposit ex- 
posed between high and low tide occurs on both sides of the 
promontory called Selsea Bill, in which Mr. Godwin-Austen 
found thirty-eight species of shells, and the number has since 
been raised (1 873) to a hundred and forty. 

This assemblage is interesting because on the whole, while all 
the species are recent, they have a somewhat more southern 
aspect than those of the present British Channel. It is true 
that about forty of them range from British to high northern 
latitudes j but several of them, as, for example, Pissoa cimex, 

.A Qwu'k Geol. Joura., 1852, vol. 9 Cited by Biuney, Proc. Manchea- 
vm. p. 872. ter Phil. Soc. No. 8, 1862-S, p. 15 . 
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Chiton siculns, Lntraria rugosa and Pecten polymorphus, which 
are abundant, are not known at present to range farther north 
than the coast of Portugal, and seem to indicate a warmer 
temperature than now prevails on the coast where we find them 
fossil. What renders this curious is the fact that the sandy 
loam in which they occur is overlaid by yellow clayey gravel with 
large erratic blocks which must have been drifted into their 
present position by ice when the climate had become much 
colder. These transported fragments of granite, syenite, and 
greenstone, as well as of Devonian and Silurian rocks, may have 
come from the coast of Normandy and Brittany, and are many 
of them of such large size that we must suppose them to have 
been drifted into their present site by coast-ice. I measured 
one of granite, at Pagham, 21 feet in circumference. In the 
gravel of this drift with erratics are a few littoral shells of living 
species, indicating an ancient coastline. 

Glacial formations in North America. — In the western 
hemisphere, both in Canada and as far south as the 40th and 
even 38th parallel of latitude in the United States, we meet 
with a repetition of all the peculiarities which distinguish the 
European boulder formation. Fragments of rock have travelled 
for great distances, especially from north to south : the surface 
of the subjacent rock is smoothed, striated, and fluted ; un- 
stratified mud or till containing boulders is associated with 
strata of loam, sand, and clay, usually devoid of fossils. Where 
shells are present, they are of species still living in northern 
seas, and not a few of them identical with those belonging to 
European drift, including most of those already figured, p. 1 56. 
The fauna also of the glacial epoch in North America is less 
rich in species than that now inhabiting the adjacent sea, 
whether in the Gulf of St. Lawrence, or off the shores of Maine, 
or in the Bay of Massachusetts. 

The extension on the American continent of the range of 
erratics during the Pleistocene joriod to lower latitudes than 
they reached in Europe, agrees well with the present southward 
deflection of the isothermal lines, or rather the lines of equal 
winter temperature. It seems that formerly, as now, a more 
extreme climate and a more abundant supply of ice prevailed on 
the western side of the Atlantic. Another resemblance between 
the distribution of the drift fossils in Europe and North America 
has yet to be pointed out. In Canada and the United States, 
as in Europe, the marine shells are generally confined to very 
moderate elevations above the sea (between 100 and 700 feet), 
while the erratic blocks and the grooved and polished surfaces 
of rock extend to elevations of several thousand feet. 
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I have already mentioned that in Europe several quadrupeds 
of living, as well as extinct, species were common to pre-glacial 
and post-glacial times. In like manner there is reason to sup- 
pose that in North America much of the ancient mammalian 
fauna, together with nearly all the invertebrata, lived . through 
the ages of intense cold. That in the United States the Mas- 
todon gigantens was very abundant after the drift period, is 
evident from the fact that entire skeletons of this animal are 
met with in bogs and lacustrine deposits occupying hollows in 
the glacial drift. They sometimes occur in the bottom even of 
small ponds recently drained by the agriculturist for the sake of 
the shell-marl. In 1845 no less than six skeletons of the same 
species of Mastodon were found in Warren county, New Jersey, 
six feet below the surface, by a farmer who was digging out the 
rich mud from a small pond which he had drained. Five of 
these skeletons were lying together, and a large part of the 
bones crumbled to pieces as soon as they were exposed to the 
air. 

It would be rash, however, to infer from such data that these 
quadrupeds were mired in modern times, unless we use that term 
strictly in a geological sense. I have shown that there is a flu- 
vintile deposit in the valley of the Niagara, containing shells of 
the genera Melania , Lymnea, f^lanorbis, Valvata , Cyclas , XJnio , 
Helix , Ac. , all of recent species. From this deposit the bones 
of the great Mastodon have been taken in a very perfect state. 
Yet the whole excavation of the ravine, for many miles below 
the Falls, has been slowly effected since that fluviatile deposit was 
thrown down. Other extinct animals accompany the Mastodon 
gigantcus in the post-glacial deposits of the United States, and 
this taken with the fact that so few of the mollusca, even of the 
commencement of the cold period, differ from species now living 
is important, as refuting the hypothesis, for which some have 
contended, that the intensity of the glacial cold annihilated all 
the species in temperate and arctic latitudes. 

Connection of the predominance of lakes with glacial 
action. — It was first pointed out by Professor Ramsay in 1862, 
that lakes are exceedingly numerous in those countries where 
erratics, striated blocks, and other signs of ice- action abound ; 
and that they are comparatively rare in tropical and sub-tropi- 
cal regions. Generally in countries where the winter cold is 
intense, such as Canada, Scandinavia, and Finland, even the 
plains and lowlands are thickly strewn with innumerable ponds 
and small lakes, together with some others of a larger size : 
while in more temperate regions, such as Great Britain, Central 
and Southern Europe, the United States, arid New Zealand, 
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lake districts occur in all such mountainous tracts as can be 
proved to have been glaciated in times comparatively modem or 
since the geographical configuration of the surface bore a con- 
siderable resemblance to that now prevailing. In the same 
countries, beyond the glaciated regions, lakes abruptly cease, 
and in warmer and tropical countries are either entirely absent 
or consist, as in equatorial Africa, of large sheets of water unac- 
companied as far as wc yet know by numerous smaller ponds 
and tarns. 

The southern limits of the lake districts of the Northern 
Hemisphere are found at about 40° N. latitude on the American 
continent, and about 50° in Europe, or where the Alps intervene 
four degrees farther south. A large proportion of the smaller 
lakes are dammed up at their lower end by barriers of unstrati- 
fied drift, having the exact character of the moraines of glaciers, 
and are termed by geologists ‘ morainic ’ but some of them are 
true rock-basins and would hold water even if all the loose-drift 
now resting on their margins were removed ; and however 
difficult it may be to explain the manner in which they have 
been formed, we cannot suppose that they have each of them 
been due to a special subsidence of the rocks where the cavitios 
filled with water now occur. 

In a paper read before the Geological Society of London in 
1862, Professor Ramsay maintained that the first formation of 
most existing lakes took place during the glacial epoch, and was 
due, not to elevation or subsidence, but to actual erosion of their 
basins by glaciers. M. Mortillet in the same year advanced 
the theory that after the Alpine lake-basins had been filled 
up with loose fluviatile deposits, they were re-excavated by the 
great glaciers which passed down the valleys at the time of the 
greatest cold, a doctrine which would attribute to moving ice 
almost as great a capacity of erosion as that which assumed that 
the original basins were scooped out of solid rock by glaciers. 
The mere geographical distribution of lakes suggests the con- 
nection of their origin with the abundance of ice during a 
former excess of cold, but how far the erosive action of moving 
ice has been the principal cause of lake-basins, is a question 
still open to discussion. 

The lakes of Switzerland and the north of Italy are some of 
them twenty and thirty miles in length, and so deep that their 
bottoms are in some cases from 1,000 to 2,000 feet beneath the 
level of the sea. It is admitted on all hands that they were 
once filled with ice, and as the existing glaciers polish and grind 
down as before stated the surface of the rocks, we are prepared 
to find that every lake-basin in countries once covered by ice 
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should bear the marks of superficial glaciation, and also that 
the ice during its advance and retreat should have left behind 
it much transported matter as well as some evidence of its 
having enlarged the pre-existing cavity. But much more than 
this is demanded by the advocates of glacial erosion. They 
suggest that as the old extinct glaciers were several thousand 
feet thick, they were able in some places gradually to scoop out 
of the solid rock cavities twenty or thirty miles in length, and as 
in the case of Lago Maggiore from a thousand to two thousand 
six hundred feet below the previous level of the river-channel, 
and also that the ice had the power to remove from the cavity 
formed by its grinding action all the materials of the missing 
rocks. A constant ^supply, it is argued, of fine mud issues from 
the termination of every glacier in the stream which is produced 
by the melting of the ice, and this result of friction is exhibited 
both during winter and summer, alfording evidence of the con- 
tinual deepening and widening of the valleys through which 
glaciers pass. As the fine mud is carried away by a river from 
the deep pool which is formed from the base of every cataract, 
so it seems to be imagined that lake-basins may be gradually 
emptied of the mud formed by abrasion during the glacial 
period. 

I am by no means disposed to object to this theory on the 
ground of the insufficiency of the time during which the extreme 
cold endured, but we must carefully consider whether that 
same time is not so vast as to make it probable that other 
forces, besides the motion of glaciers, must have co-operated in 
converting some parts of the ancient valley courses into lake- 
basins. They who have formed the most exalted conceptions of 
the erosive energy of moving ice do not deny that during the 
period termed i Glacial ’ there have been movements of the 
earth’s crust sufficient to produce changes of level in Europe 
amounting even in England to 1,400 feet, as in Moel Tryfaen. 
M. Charpentier, indeed, attributed some of the principal variations 
of climate in Switzerland, during the glacial period, to a diminu- 
tion in altitude of the central Alps to the extent of 3,000 feet, 
and Swiss geologists have long been accustomed to attribute their 
lake-basins, in part, to those convulsions by which the shape 
and course of the valleys may have been modified. They 
commonly observe that in those regions where the glaciers have 
retreated or melted back at their lower end during a succession 
of warm seasons, the ground on which they had previously 
reposed, being uncovered, consists of convex or dome-shaped 
protuberances polished and striated. As a rule, there is an 
absence of cavities or rock-basins holding water. If inequalities 
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of movement such as those witnessed in New Zealand in 1855, 
and above alluded to (p. 149), are part of the regular course of 
nature, and have governed the movements of the earth’s crust 
in ancient as well as in modern time, we cannot doubt that they 
must have influenced the formation of lakes, more especially if 
we can show that the glacial period, or at least some part of it, 
was sufficiently modern to reach down to the era of the living 
species of mollusca. That this was the case is sufficiently j>roved 
by the occurrence of marine shells in the West of England at 
the height of 1,100 feet near Macclesfield, and of 3,400 on Moel 
Tryfaen, eighty miles distant ; these fossil shells being species 
still living, though implying a more northern fauna than that 
of corresponding latitudes at the present period. 

But, it is asked, if such inequality of movement can have 
contributed towards the production of lake-basins, does it not 
leave unexplained the comparative rarity of lakes in tropical 
and subtropical countries ? In reply to this question it may be 
observed that in our endeavour to estimate the effects of sub- 
terranean movements in modifying the superficial geography of 
a country we must remember that each convulsion effects a very 
slight change. If it interferes with the drainage, whether by 
raising the lower or sinking the higher portion of a hydrogra- 
phical basin, the upheaval or depression will only amount to a 
few feet at a time, and there may be an interval of years or 
centuries before any further movement takes place in the same 
region. In the meantime an incipient lake if produced may be 
filled up with sediment, and the recently-formed barrier will 
then be cut through by the rivei', whereas in a country where 
glacial conditions prevail no such obliteration of the temporary 
lake-basin would take place : for however deep it became by 
repeated sinking of the upper or rising of the lower extremity, 
being always filled with ice it might remain, throughout the 
greater part of its extent, free from sediment or drift until the 
ice melted at the close of the glacial period. 

One of the most serious objections to the exclusive origin by 
ice-erosion of wide and deep lake-basins arises from their capri- 
cious distribution, as for example in Piedmont, both to the east- 
ward and westward of Turin where great lakes are wanting, 1 
although some of the largest extinct glaciers descending from 
Mont Blanc and Monte Rosa came down from the Alps leaving 
their gigantic moraines in the low country. Here, therefore, 
we might have expected to find lakes of the first magnitude 
rivalling the contiguous Lago Maggiore in importance. 


1 Antiquity of Man, p. 361. 
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A still more striking illustration of the same absence of lakes 
where large glaciers abound is said to be afforded by the 
Caucasus, a chain more than 300 miles long, and the loftiest 
peaks of which attain heights from 10,000 to 18,000 feet. 
This greatest altitude is reached by Elbruz, a mountain in 
lat. 43° N., three degrees south of Mont Blanc, but on the 
other hand 3,000 feet higher. The present Caucasian glaciers 
are equal or superior in dimensions to those of Switzerland, and 
like them give rise occasionally to temporary lakes by obstruct- 
ing the course of rivers, and causing great floods when the icy 
barriers give way. Mr. Freshfield, a careful observer, writing in 
1869, says : 1 4 A total absence of lakes, on both sides of the 
chains, is the most marked feature. Not only are there no 
great subalpine sheets of water, like Como or Geneva, but 
mountain tarns, such as the Dauben See, on the Gemini, or 
the Klonthal See, near Glams, are equally wanting. Mr. Fresh- 
field, however, does not tell us whether in the Caucasus, as in 
the valley of the Rhone above the Lake of Geneva, there are 
not some alluvial flats which may indicate filled-up lakes con- 
taining gravel and sand of unknown thickness. 

To pass to another region, it seems safe to assume that the 
chain of lakes, of which the Albert Nyanza forms one in equa- 
torial Africa, was due to causes other than glacial. Yet if we 
could imagine a glacial period to visit that region filling the 
lakes with ice and scoring the rocks which form their sides and 
bottoms, we should be unable to decide how much the capacity 
of the basins had been enlarged and the surface modified by 
glacial erosion. Lago Maggiore and Lake Superior may have 
had a similar origin, although the present basins of both of them 
afford abundant superficial markings due to ice-action. 

But to whatever combination of causes we attribute the great 
Alpine lakes one thing is clear, namely, that they are, geologi- 
cally speaking, of modem origin. Every one must admit that 
the upper valley of the Rhone has been chiefly caused by fluvia- 
tile denudation, and it is obvious that the quantity of matter 
removed from that valley previous to the glacial period would 
have been amply sufficient to fill up with sediment the basin of 
the Lake of Geneva, supposing it to have been in existence, even 
if its capacity had been many times greater than it is now. 1 2 

On the whole, although it appears to me, in accordance with 
the views of Prof. Ramsay, M. Mortillet, Mr. Geikie, and 
others, that many mountain tarns and small lakes are situated 

1 Travels in Central Caucasus, 1869, p. 452. 

a See Principles, vol. i. p. 416, 11th ed. 1872: 
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in rock-basins, their waters not being dammed up simply by 
moraines, but due to the action of ice in a manner not yet well 
understood ; still when it is a question of the origin of larger 
and deeper lakes, like those of Switzerland or the north of 
Italy, or inland freshwater seas, like those of Canada, it will 
be found that ice erosion has played a subordinate part in 
comparison with those movements by which changes of level in 
the earth’s crust are gradually brought about. 
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CHAPTER XIII, 

PLIOCENE PERIOD. 

Glacial formations of Pliocene age — -Bridlington beds — Glacial drifts of 
Ireland — Drift of Norfolk cliffs — Cromer forest-bed — Aldeby and Chilles- 
ford beds — Norwich Crag — Older Pliocene strata — lied Crag of Suffolk— 
Coprolitie bed of Red Crag — White or Coralline Crag — Relative age, 
origin, and climate of the Crag deposits — Antwerp Crag — Newer Pliocene 
strata of Sicily — Newer Pliocene strata of the Upper Val d’Arno — Older 
riiocene of Italy — Subapeimine strata — Older Pliocene flora of Italy. 

It will bo soon in tlie description given in tlio last chapter of 
the Pleistocene formations of the British Isles that they com prise 
a largo proportion of those commonly termed glacial, character- 
ised by shells which, although referable to living species, usually 
indicate a colder climate than that now belonging to the lati- 
tudes where they occur fossil. But in parts of England, more 
especially in Yorkshire, Norfolk, and Suffolk, there are super- 
ficial formations of clay with glaciated boulders, and of sand and 
pebbles, containing occasional, though rare, patches of shells, in 
which the marine fauna begins to depart from that now inhabit- 
ing the neighbouring sea, and to resemble that of the crag pre- 
sently to be described. It comprises some species of mollusca 
not yet known as living, as well as extinct varieties of others, 
entitling us to class them as Newer Pliocene, although belong- 
ing to the close of that period and chronologically on the verge 
of the later or Pleistocene epoch. 

Bridlington drift. — To the latest part of this era belong certain 
deposits in the well-known locality of Bridlington, near the mouth 
of the Humber, in Yorkshire, lat. 54° N., where about 59 
species or well-marked varieties of shells have been found on the 
coast, near the sea-level, in a thin bed of sand resting on glacial 
clay with much chalk debris, and covered by a deposit of purple 
clay with glaciated boulders. More than a third of these are 
now inhabitants of arctic regions, unknown to the British seas ; 
several are British and Arctic, and only 10 belong to those 
species which range south of our British seas. Five species or 
well-marked varieties are not known living, namely, Troplton 
Leckmbyi , Plenrotoma Dowsoni , P. robusta, Nucnla CobboJdise, 

i 
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and Tellina obliqua, fig. 123, p. 175. Mr. SearlesWood inclines 
to consider Nncnla Cobboldise , fig. 122, p. 175, now absent from 
the European seas and the Atlantic, as specifically distinct 
from a closely-allied shell now living in the seas surrounding 
Vancouver’s Island, which some conchologists regard as a 
variety. Tellina obliqua also approaches very near to a shell now 
living in J apan. 

Glacial drift of Ireland. — Marine drift containing the last- 
mentioned Nncula and other glacial shells reaches a height of 
from 1,000 to 1,200 feet near the Three Rock Mountain, south- 
east of Dublin, and they are common in the county of Wexford, 
south of Dublin. More than 80 species have already been 
obtained from this formation. The great elevation at which 
these shells occur, and the still greater height to which the sur- 
face of the rocks in the mountainous regions of Ireland has been 
smoothed and striated by ice-action, have led geologists to the 
opinion that that island, like the greater part of England and 
Scotland, after having been united with the continent of Europe, 
from whence it received the plants and animals now inhabiting 
it, was in great part submerged. The conversion of this and 
other parts of Great Britain into an archipelago was followed by 
a re-elevation of land and a second continental period. After 
all these changes the final separation of Ireland from Great 
Britain took place, and this event has been supposed to have pre- 
ceded the opening of the Straits of Dover. 1 

Drift of XTorfolk and Suffolk cliffs. — There are deposits of 
boulder-clay, till, and sand in these cliffs principally made up of 
the waste of white chalk and flints which, in the opinion of 
Messrs. Searles Wood, jun., and Harmer, are older than the 


Fig. 11!). 



Tellina balthica (T. solidula). 


Bridlington drift. All the shells contained in them, with the 
exception of Tellina balthica, Trophon mediglacialis , and 
T. Billockbiensis , are common either to the Norwich or Red 
Crag. Tellina balthica (: T . solidula ), fig. 119, which abounds 
here, is found fossil at Bridlington, and is living in our British 
seas, but it is wanting in all the formations, even the newest, 

i See Antiquity of Man, chap. xiv. 
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afterwards to be described as Crag. As the greater part of these 
drifts are barren of organic remains, their classification is at pre- 
sent a matter of great uncertainty ; but, as an aid to the student, 
I give a table drawn up for the last edition of the ‘ Antiquity of 
Man * (1873), showing as nearly as possible their relative posi- 
tion. 


Glacial and Post-Glacial Formations succeeding the Cromer 
Forest-Bed. 


Marine Deposits 

PLEISTOCENE .... 


Freshwater and Terrestrial 
Deposits 

. Hoxnc freshwater depo- 
sit, with Paleolithic, 
implements, and Mun- 
1 desley beds with fish- 

j scales, insects, Sec. 


NEWER 

PLIOCENE 


% 


r Ui»PKit Glacial.: 
Bridlington Beds 
Chalky Boulder Clay 

Mid-Glacial : 
Mid-Glacial Sands 

Low Kit Glacial : 
Contorted Drift 
Till of the Cromer 
Cliffs 

Pebbly Beds of Bure 
< Valley and Westle- 

ton .... 


Lignite layers, with arc- 
tic plants, Salix Po- 
laris, and llypmim 
turgesccns. 


YVkybourne Sands 1 . ' Cromer Forest-Bed, with 
j J'Jlepitas meridional is 
and other extinct and 
living mammalia, 

ClIILLESFORD AND 

Norwich Crag 


The main portion of these drifts can nowhere be so advanta- 
geously studied as on the coast between Happisburgh and Wey- 
boume, and between Lowestoft and Yarmouth. Here we may 
see them in vertical cliffs sometimes 200 feet and more in 
height, exposed for a distance of many miles, at the base of part 
of which the chalk with flints crops out in nearly horizontal 
strata. Between Happisburgh and Weybourne the till is often 


1 Mr. Searles Wood, jun., and 
Mr. Harmer, who have worked out 
the relations of these beds, place 
them, on account of the occurrence 
of 7'ellina balthica , at the base of 


i 2 


the Lower Glacial ; but they are so 
closely allied with the Norwich Crag, 
that it seems to me safer to keep 
them as an intermediate form ation— 
as I did in previous editions. 
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strangely contorted, and envelopes huge masses or erratics of 
chalk with layers of vertical flint. I measured one of these 
fragments in 1831) at Slierringham, and found it to bo eighty 
feet in its longest diameter. 1 It has been since entirely removed 
by the waves of the sea. In the floor of the chalk beneath it the 
layers of flint were horizontal. Such erratics have evidently 
been moved bodily from their original site, probably by the same 
glacial action which has polished and striated some of the accom- 
panying granitic and other boulders, occasionally six feet in dia- 
meter, which are imbedded in the drift. 

Cromer Forest-bed — Intervening between these glacial for- 
mations and the subjacent chalk lies what has been called the 
Cromer Forest-bed. This buried forest has been traced from 
Cromer to near Kessingland, a distance of more than forty 
miles, being exposed at certain seasons between high and low 
water mark. It is the remains of an old land and estuarine 
deposit, containing the submerged stunts of trees, which I saw 
in 1830 standing erect with their roots in the ancient soil. As- 
sociated with the stumps and overlying them, are lignite beds 
with freshwater shells of recent species, and laminated clay 
without fossils. Through the lignite and forest-bed are scat- 
tered cones of the Scotch and spruce firs with the seeds of recent 
plants, and the bones of at least twenty species of terrestrial 
mammalia. Among these are two ai>ecios of elephant, E. meri- 
dional is, Nesti, and E . antiquus, the former found in the Newer 
Pliocene beds of the Val d’Arno, near Florence. In the same 
bed occur Hippopotamus major, Rhinoceros ctruscus, both of 
them also Yal d’Arno species, many species of deer considered 
by Mr. Boyd Dawkins to be characteristic of warmer countries, 
and also a horse, beaver, and field-mouse. Half of these mam- 
malia are extinct, and the rest still survive in Europe. The 
vegetation taken alone does not imply a temperature higher than 
that now prevailing in the British Isles. There must havejbeen 
a subsidence of the forest to the amount of 400 or 500 feet," and 
a re-elevation of the same to an equal extent, in order to allow 
the ancient surface of the chalk or covering of soil, on which the 
forest grew, to be first covered with several hundred feet of 
drift, and then upheaved so that the trees should reach their 
present level. Although the relative antiquity of the forest- 
bed to the overlying glacial till is clear, there is some differ- 
ence of opinion as to its relation to the crag presently to be 
described. 

Chlllesford and Aldeby beds. — It is in the counties of Nor- 
folk, Suffolk, and Essex, that we obtain our most valuable infor- 

1 Sec a paper by the Author, Philosophical Magazine, No. 10-1. May, 1840. 
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mation respecting the British Pliocene strata, whether newer or 
older. They have received in those counties the provincial 
name of ‘Crag/ aj>plied particularly to masses of shelly sand 
which have long been used in agriculture to fertilise soils defi- 
cient in calcareous matter. At Chillesford, between Wood- 
bridge and Aldborough, in Suffolk, and Aldeby, near Beccles, 
in the same county, there occur stratified deposits, older than 
any of the preceding drifts of Yorkshire, Norfolk, and Suffolk. 
They are composed at both localities of sands and laminated 
clays, with much mica, forming horizontal beds about twenty 
feet thick. Messrs. Prestwicli and Searles Wood, senior, when 
first describing these beds, considered that the shells indicated 
on the whole a colder climate than the Bed Crag ; but Mr. 
Wood (as explained p. 184) now regards the lied Crag as not all 
of one age, and finds that the fauna of the newer parts of it in 
some places, as at Butley and Boyton, indicates a cold climate, 
similar to that of the Chillesford and Aldeby beds. In tlio 
upper part of the laminated clays at Chillesford a skeleton of a 
whale was found associated with casts of the characteristic 
shells, Nucula Cobboldix and TvUiaci obliqua, already referred to 
as no longer inhabiting our seas, and as being 
extinct varieties if not species. The same shells 
occur in a perfect state in the loiver part of the 
formation. Natica hclicoides (fig. 120) is an ex- 
ample of a species formerly knov r n only as fossil, 
but which has now been found living in our seas. 

At Aldeby, Messrs. Crowfoot and Dowson 
have now obtained 6G species of mollusca, com- Natica hchcoidcs, 
prising the Chillesford species and some others. Johnston. 

Of these about nine-tenths are recent. They are in a perfect 
state, clearly indicating a cold climate, as two-thirds of them 
are now met with in arctic regions. As a rule, the lamellibran- 
chiate molluscs have both valves united, and many of them, 
such as My a arcnarla , stand with the siphonal end upwards, as 
when in a living state. Tellhia balthica , before mentioned 
(fig. 119) as so characteristic of the glacial beds, including the 
drift of Bridlington, has not yet been found in deposits of Chil- 
lesford and Aldeby age, whether at Sudbourn, Easton Bavent, 
Horstead, Coltishall, Burgh, or where they overlie the Norwich 
Crag proper at Bramerton and Thorpe. 

Norwich or Z*luvio-marind Crag-. — The Norwich Crag is 
chiefly seen in the neighbourhood of Norwich, and consists of 
beds of incoherent sand, loam, and gravel, which are exposed to 
view on both banks of the Yare, as at Bramerton and Thorpe. 
As they contain a mixture of marine, land, and freshwater 
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shells, with bones of fish and mammalia, it is clear that these 
beds have been accumulated at the bottom of a sea near the 
mouth of a river. They form patches rarely exceeding twenty 
feet in thickness, resting on white chalk. At their junction with 
the chalk there invariably intervenes a bed called the ‘ Stone- 
bed/ composed of unrolled chalk flints, commonly of large size, 
mingled with the remains of a land fauna, comprising Mastodon 
arvernensis , Elephas mcridionalis , and an extinct species of deer. 
The mastodon, which is a species characteristic of the Pliocene 
strata of Italy and France, is the most abundant fossil, and one 
not found in the Cromer forest before mentioned. When these 
flints, probably long exposed in the atmosphere, became sub- 
merged, they were covered with barnacles, and the surface of 
the chalk became perforated by the Pholas crispata , each fossil 
shell still remaining at the bottom of its cylindrical cavity, now 


Fig. 121 . 



Mastodon arvernensis , third milk molar, left side, upper jaw ; grinding surface, 
natural size. Norwich Crag, Postwick, also found in lied Crag, see p. 178. 


filled up with loose sand from the incumbent crag. This species 
of Pholas still exists, and drills the rocks between high and low 
water on the British coast. The name of ( Fluvio-marine , has 
often been given to this formation, as no less than twenty species 
of land and freshwater shells have been found in it. They are 
all of living species ; at least only one univalve, a Pahidina , 
has any, and that a very doubtful, claim to be regarded as ex- 
tinct. 

Of the marine shells, 112 in number, about 17 per cent, are 
extinct, according to the latest estimate given by Mr. Searles 
Wood in his Supplement to the Crag Mollusca ; 1 but, for rea- 

1 Paleontographical Society, 1873. 
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sons presently to be mentioned, this percentage must be regarded 
only as provisional . It must also be borne in mind that the propor- 
tion of recent shells would be augmented if the uppermost beds 
at Bramerton, near Norwich, which belong to the most modern 
or Chillesford division of the Crag, had been included, as they 
were formerly, by Mr. Woodward and myself, in the Norwich 
series. Some of the arctic shells, which form so large a pro- 
portion in the Chillesford and Aldeby beds, are more rare in 
the Norwich Crag, though many northern species — such as 


rig. 122. Fig. 123. 



Nucula CobbohJicc. Tcllina obi i qua. 


ffliynchonella psittacca , Scalaria G rsenlandica, Astarte borealis, 
Tanopxa norvcgica , and others — still occur. The Nucula Cobbol- 
dix and Tcllina obliqua , figs. 122 and 123, before mentioned, 
p. 170, are frequent in these beds, as are also Littorina littorea , 
Cardium cdidc, and Turritella communis , of our seas, proving the 
littoral origin of the beds. 

OLDER PLIOCENE .STRATA. 

Red Crag. — Among the English Pliocene beds the next in 
antiquity is the Red Crag, which often rests immediately on the 
London clay, as in the county of Essex, illustrated in the accom- 
panying diagram. 

It is chiefly in the county of Suffolk that it is found, rarely 
exceeding twenty feet in thickness, and sometimes overlying 

Fig. 124. 

Red Crag. London Clay. Chalk. 


another Pliocene deposit, the Coralline Crag, to be mentioned 
in the sequel. It has yielded — exclusive of 87 species regarded 
by Mr. Wood as derivative — 248 species of mollusca, of which 
69, or 27 per cent., are extinct. Thus, apart from its order of 
superposition, its greater antiquity as a whole than the Norwich 
and its still greater antiquity than the glacial beds already 


176 


BED CRAG. 


[ch. xm. 


described, is proved by the greater departure of its fauna 
from that of our seas. It may also be observed that in most of 
the deposits of this Red Crag, the northern forms of the Norwich 
Crag, and of such glacial formations as Bridlington, are less 
numerous, while those having a more southern aspect begin to 
make their appearance. Both the quartzose sand, of which it 
chiefly consists, and the included shells, are most commonly 
distinguished by a deep ferruginous or ochreous colour ; whence 
its name. The shells are often rolled, sometimes comminuted, 
and the beds have much the appearance of having been shifting 
sandbanks, like those now forming on the Dogger-bank, in the 
sea, sixty miles east of the coast of Northumberland. Cross 
stratification is almost always observable, the planes of the 
strata being sometimes directed towards one point of the 
compass, sometimes to the opposite, in beds immediately over- 
lying. That such a structure is not deceptive or due to any 
subsequent concretionary rearrangement of particles, or to mere 
bands of colour produced by the iron, is proved by each bed 
being made up of flat pieces of shell which lie parallel to the 
pianos of the smaller strata. 

It has long been susjDoctod that the different patches of Red 
Crag are not all of the same age, although their chronological 
relation cannot always be decided by superposition. Soparate 
masses are characterised by shells specifically distinct or greatly 
Pig. 125 . varying in relative abundance, in a manner im- 
plying that the deposits containing them were 
separated by intervals of time. At Butley, 
Tunstall, Sudboum, and in the Red Crag of 
Chillesford, the mollusca appear to assume their 
most modem aspect, and the climate was 
colder than when the earliest deposits of the 
same period were formed. At Butley is found 
Nucida Cobbolduv, so common in the Norwich 
and certain glacial beds, but unknown in the 
older parts of the Red Crag. On the other 
Purpura Mr a gomu hand, at Wal ton-on- the-Naze, in Essex, we 
Sow.; nat. size. geem to l iaV e an exhibition of the oldest phase 
of the Red Crag, in which the percentage of extinct forms is almost 
as great as in the Coralline Crag ; and where Purpura tetragona 
(fig. 125) is very abundant. The Walton Crag also indicates 
a warmer climate, both by the absence of many characteristic 
arctic shells that are common in tho newer portions of the Red 
Crag, and by a greater proportion of Mediterranean species. 
Voluta Lamberti (see figs. 120 and 127), an extinct species, 
which seems to have flourished chiefly in the antecedent Coral- 
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line Crag period, is still represented here by individuals of every 
age. A form closely allied to this Crag Bpecies, Valuta Junonia , 
Chem., was dredged up in 1860 from a depth of 250 fathoms 
in the Gulf-stream oft' the American coast. 1 

The reversed whelk (fig. 128) is common at Walton, where 
the dextral form of that shell is unknown. Here also specimens 
of lamellibranchiate molluscs are sometimes found with both the 
valves united, showing that they belonged to this sea of the 
Upper Crag, and were not washed in from an older bed, such as 


Fig. 12G. 



V. Land# Hi, Sow. Voluta Lambcrti, young Trophon antiquum , Miill. 

Variety characteristic of Suf- Individ., Cor. and {Fusus contra Hus ), 

folk Crag. Pliocene. Red Crag. half nnt. size. 

the Coralline, in which case the ligament would not have held 
together the valves in strata so often showing signs of the 
boisterous action of the waves. Such specimens of united 
valves are, however, rare. Mr. Searles Wood, after a most 
.assiduous search, has only detected thirteen species in this 
perfect condition, and among these Mactra avails alone is 
common. 

At and near the base of the Red Crag is a loose bed of brown 
nodules, first noticed by Professor Henslow as containing a 
large percentage of earthy phosphates. This bed of coprolites 
(as it is called, because they were originally supposed to bo the 
feeces of animals) does not always occur at one level, but is 
generally in largest quantity at the junction of the Crag and the 

1 Louis Agassiz, Ilulltn. of Museum of Comparative Zoology, 1869, p. 268. 
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underlying formation. In thickness it usually varies from six 
to eighteen inches, and in some rare cases amounts to many 
feet. It has been much used in agriculture for manure, as 
not only the nodules, but many of the separate bones associated 
with them, are largely impregnated with phosphate of lime, of 
which there is sometimes as much as 60 per cent. They are 
not unfrequently covered with barnacles, showing that they 
were not formed as concretions in the stratum where they now 
lie buried, but had been previously consolidated. Organic 
remains from many of the older formations are included in 
these beds. The teeth of the Pliocene Mastodon arvernensis 
occur. From the wreck of Miocene deposits are found remains 
of Rhinoceros Schlcicrmacheri , Tapirus prisons , Hipparion (a 
quadruped of the horse family), the antlers of a stag, Cervns 
anoccros, and a large portion of the skull of a marine animal 
of the genus Halitherium lately recognised by Mr. Flower in 
the collection of the Rev. H. Canham of Waldringfield, and 
named by him II. Canhami. The specimen nearly allied to 
II. Schinzi , Kaup, of the Miocene of the Mayence basin, a form 
now represented by the Manatee or sea-cow and the Dugong. 

The phosphatic nodules often include fossil Crustacea and 
fishes from the Eocene London claj^, together with the teeth of 
gigantic sharks and the ear-bones of whales. Organic remains 
also of the older chalk and lias are met with, showing how great 
must have been the denudation of previous formations during 
the Pliocene period. As the older White Crag, presently to 
be mentioned, contains similar phosphatic nodules near its 
base, those of the Red Crag may be partly derived from this 
source. 

White or Coralline Crag. — The lower or Coralline Crag is 
of very limited extent, ranging over an area about twenty miles 
in length, and three or four in breadth, between the rivers 
Stour and Aide, in Suffolk. It is generally calcareous and 
marly — often a mass of comminuted shells, and the remains of 
polyzoa (or bryozoa), 1 passing occasionally into a soft building- 
stone. At Sudboum and Gedgave, near Orford, this build- 
ing stone has been largely quarried. At some places in the 
neighbourhood the softer mass is divided by thin flags of hard 
limestone, and polyzoa placed in the upright position in which 
they grew. From the abundance of these coralloid mollusca the 

1 Ehrenberg proposed in 1881 the zoophytes popularly included in the 
term Bryozoum, , or ‘ Moss-animal,’ for corals, but now classed by naturalists 
the molluscous or ascidian form of as mollusca. The term Polyzoum, 
polyp, characterised by having two synonymous with Bryozoum , was, 
openings to the digestive sack, as in however, proposed in the previous 
Eschara, Flustra, Bctepora, and other year, 1830, by Mr. J. Y. Thompson. 
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lowest or White Crag obtained its popular name of Coralline Crag; 
but true corals, as now defined, or zoantharia, are very rare in 
this formation. 

The Coralline Crag rarely, if ever, attains a thickness of 
thirty feet in anyone section. Mr. Prestwich, who has thrown 
more light than any other writer on the geology of the Crag, 
imagines that if the beds found at different localities were 
united in the probable order of their succession, they might 
exceed eighty feet in thickness j 1 but Mr. Searles Wood does 
not believe in the possibility of establishing such a chronological 
succession by aid of the organic remains, and questions whether 
proof could be obtained of so great a thickness. I was unable 
to come to any satisfactory opinion on the subject, although at 
Orford, especially at Gedgrave, in the neighbourhood of that 
place, I saw many sections in pits, where this Crag is cut through. 
These pits are so unconnected, and of such limited extent, that 
no continuous section of any length can be obtained, so that 
speculations as to the thickness of the whole dejmsit must be 
very vague. At the base of the formation at Sutton a bed of 
phosphatic nodules, very similar to that before alluded to 
in the Red Crag, with remains of mammalia, has been met with. 

Whenever the Red and Coralline Crag occur in the same 
district, the Red Crag lies uppermost ; and, in some cases, as 

Fig. 129. 


Sutton. Sbottisham Itamskolt. 

Creek. 



Section near Woodbridgc, in Suffolk. 
a. Red Crag. b. Coralline Crag. c. London Clay. 


in the section represented in fig. 129, which I had an opportunity 
of seeing exposed to view in 1839, it 'is clear that the older 
deposit or Coralline Crag b had suffered denudation, before the 
newer formation a was thrown down upon it. At I) there was 
not only seen a distinct cliff, eight or ten feet high, of Coralline 
Crag, running in a direction N.E. and S.W., against which the 
Red Crag abuts with its horizontal layers, but this cliff occa- 
sionally overhangs. The rock composing it is drilled every- 
where by Pholades, the holes which they perforated having been 
afterwards filled with sand, and covered over when the newer 
beds were thrown down. The older formation is shown by its 
fossils to have accumulated in a deeper sea, and contains very 
few of those littoral forms such as the limpet, Patella , found 

1 Quart. Geol. Journ., vol. xxvii. p, 825, 1871, 
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in the Red Crag. So great an amount of denudation could 
scarcely have taken place, in such incoherent materials, with- 
out some of the fossils of the inferior beds becoming mixed up 
with the overlying Red Crag, so that considerable difficulty 
must be occasionally experienced by the palaeontologist in 


Fig. 130. 



Fascicularia aurantium , Milne Edwards. Family, Ttibuliporulcc, of same author. 

Polyzoan of extinct genus, from the inferior or Coralline Crag, Suffolk. 
a. Exterior. b. Vertical section of interior. c. Portion of exterior magnified. 
d. Portion of interior magnified, showing that it is made up of long, thin, straight 
tubes, united in conical bundles. 

deciding which species belong severally to each group or to 
both. 

Mr. Searles Wood estimates the total number of marine 
testaceous molluscs* of the Coralline Crag at 31)0, of which 
144 are not known as living, being in the proportion of 3G 

Fig. 131. 


Astarte Omalii , Laj. ; species common to Upper and Lower Crag. 

per cent, extinct. No less than 130 species of polyzoa havo 
been found in the Coralline Crag, some belonging to genera 
believed to be now extinct, and of a very peculiar structure ; as, 
for example, that represented in fig. 130, which is one 
of several species having a globular form. Among the testacea 
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the genus Astarte (see fig. 131) is largely represented, no less 
than fourteen species being known, and many of these being 
rich in individuals. There is an absence of genera peculiar 
to hot climates, such as Conus, Oliva , Fasciolcvria , Crassa - 
tella, and others. The absence also of large cowries {Cyprea) 
is remarkable, those found belonging exclusively to the section 
Trivia. The large volute, called Voluta Lamberti (fig. 126, 
p. 177), may seem an exception ; but it differs in form from 
the volutes of the torrid zone, and its nearest living ally, 
Voluta Junonia, has been dredged up (as before stated p. 177) 
in the Gulf-stream in extra-tropical latitudes. 

The occurrence of a species of Lingula at Sutton (see fig. 132) 
is worthy of remark, as this genus of Brachiopocla is now con- 
fined to more equatorial latitudes ; and the same may be said 
still more decidedly of a species of Fyrula , supposed by Mr. 
Wood to be identical with P. reticulata (fig. 133), now living in 


Fig. 132. Fig. 133. Fig. 134. 



Lint ml a Dumorlien , Pijrula retivu/afit, Ln.m. ; Temncchin us e.rrarafns. Forbes; 

Nyst ; Sufl'olk and Coralline Crag, Ilum- Teninoplt urusexcavatus, Wood ; 

Antwerp Crag. sliolt. Cor. Crag, Ramsholt. 

the Indian Ocoan. A genus also of echinoderms, called by 
Professor Forbes Temnechinus (fig. 134), occurs in the lied and 
Coralline Crag of Suffolk, and until lately was unknown in a 
living state, but it has been brought to light as an existing form 
by the deep-sea dredgings, both of the United States survey, off 
Florida, at a depth of from 180 to 480 feet, and more recently 
(1869) in the British seas, during the explorations of the ‘ Por- 
cupine. 7 

Climate of the Crag Deposits. — One of the most interesting 
conclusions deduced from a careful comparison of the shells of 
the British Pliocene strata and the fauna of our present seas 
has been pointed out by Professor E. Forbes. It appears that, 
during the Glacial period, an epoch intermediate, as we have 
seen, between that of the Crag and our own time, many shells, 
previously established in the temperate zone, retreated south- 
wards to avoid an uncongenial climate, and they have been 
found fossil in the Newer Pliocene strata of Sicily, Southern 
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Italy, and the Grecian Archipelago, where they may have 
experienced, during the era of floating icebergs, a climate resem- 
bling that now prevailing in higher European latitudes. 1 The 
Professor gave a list of fifty shells which inhabited the British 
seas while the Coralline and Red Crag were forming, and which, 
though now living in our seas, were wanting, as far as was then 
known, in the glacial deposits. Some few of these species have 
subsequently been found in the glacial drift, but the general 
conclusion of Forbes remains unshaken. This view is ably 
supported by Mr. Searles Wood in the concluding remarks of 
his Supplement to the Crag Mollusca, 2 where he points out how 
the geographical changes produced by that sinking down of 
land which accompanied the Glacial period may have altered 
the coast line, shutting out a former connection with the 
Mediterranean, and opening for a time a new one with the 
Scandinavian seas. 3 

The transport of blocks by ice, when the Red Crag was being 
deposited, appears to me evident from the huge size of some 
irregular, quite unrounded chalk flints, retaining their white 
coating, and 2 feet long by 18 inches broad, in beds worked for 
phosphatic nodules at Foxhall, four miles south-east of Ipswich. 
These must have been tranquilly drifted to the spot by floating 
ice. Mr. PreStwich also mentions the occurrence of a large 
block of porphyry at the base of the Coralline Crag at Sutton, 
which would imply that the ice-action had begun in our seas even 
in this older period. The cold seems to have gone on increasing 
from the time of the Coralline to that of the Norwich Crag, and 
became more and more severe, not perhaps without some oscil- 
lations of temperature, until it reached its maximum in what has 
been called the Glacial period, or at the close of the Newer Plio- 
cene, and in the Pleistocene periods. 

Relation of the Fauna of the Crag: to that of the recent 
Seas. — By far the greater number of the marine species occur- 
ring in the several Crag formations are still inhabitants of the 
British seas ; but even these differ considerably in their rela- 
tive abundance, some of the commonest of the Crag shells being 
now extremely scarce — as, for example, Buccinum Dalai — while 
others, rarely met with in a fossil state, are now very common, 
as Murex erinaceus and Oardium ecliinatum . Some of the 
species also, the identity of which with the living would not be 
disputed by any conchologist, are nevertheless distinguishable 
as varieties, whether by slight deviations in form or a difference 

1 E. Forbes, Mem. Geol. Survey 3 For a fuller discussion of the cli- 

Gt. Brit., vol. i. p. 88G. mate of the Crags see Antiquity of 

* Paleontographical Society, 1873. Man, 4th ed. 1878, pp. 248-258. 
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in average dimensions. Since Mr. Searles Wood first described 
the marine testacea of the Crags, the additions made to that 
fossil fauna have been considerable, but those made in the same 
period to our knowledge of the living testacea of the British and 
arctic seas and of the Mediterranean have been much greater. 
By this means the naturalist has been enabled to identify with 
existing species many forms previously supposed to be extinct. 
The recent careful deep-sea dredgings of Mr. Gwyn J effreys and 
his companions have led to the discovery of some few Mediter- 
ranean species of shells as still living in the abysmal depths of 
the ocean, which were formerly regarded as extinct members of 
the Coralline Crag fauna. But in spite of this resuscitation, as 
it might be called, of a few fossil forms, Mr. Searles Wood finds 
that they scarcely produce any appreciable difference in the 
percentage given by him of forms unknown as living. Such gene- 
ralisations must however always depend on the limits assigned 
different naturalists to the terms ‘ species’ and ‘variety.’ 

NUMBER OF KNOWN SPECIES OF MARINE TESTACEA 
IN THE CRAG. 


CHILLESFORD AND ALDEBY BEDS. 


Total Number 

Bivalves . 
Univalves . 
Brachiopods 


51 

36 

1 


Not Known as 
Living 

7 

7 

0 


Percentage of 
Shells not Known 
as Living 


} 


15 9 


NORWICH OR FLUVIO-MARINE CRAG. 


Bivalves . 
Univalves . 
Brachiopods 


52 

59 

1 


7 

11 

0 


} 
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(Exclusive of many derivative shells.) 


Bivalves . 
Univalves . 
Brachiopods 


Bivalves . 
Univalves . 
Brachiopods 


. 112 
. 134 
2 



CORALLINE CRAG. 

. 169 60 
. 222 82 
. 5 2 


} 


27*8 


36 0 


In the supplement to the invaluable monograph above alluded 
to, Mr. Wood has completed his figures and descriptions of the 
British Crag shells of every age, and lists are given of all the 
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fossil shells, of which a summary will be found in the preceding 
table. 

To begin with the uppermost or Chillesford beds, it will be 
seen that about 15 per cent, arc extinct, or not known as living ; 
while in the Norwich, which succeeds in the descending order, 
16 in 100 are extinct. Formerly, when the Norwich or 
Fluvio-marine Crag was spoken of, both these formations 
were included under the same head, for both at Bramerton 
and Thorpe, the chief localities where the Norwich Crag was 
studied, an overlying deposit occurs referable to the Chilles- 
ford age. 

To come next to the Red Crag, the reader will observe that a 
percentage of 27 is given of shells unknown as living, and this 
increases to 36 in the antecedent Coralline Crag. But the gap 
between these two stages of our Pliocene deposits is really wider 
than these numbers would indicate, for several reasons. In the 
first place, the Coralline Crag is more strictly the product of a 
single period ; the lied Crag, as we have seen, consisting of sepa- 
rate and independent patches, slightly varying in age, of which 
the newest, or that called by Mr. Searles Wood the Scrobularia 
Crag, is probably not much anterior to the Norwich Crag. In- 
deed the connection between this newest portion of the Red 
Crag and the overlying Norwich Crag is so much closer than any 
which exists between the oldest and newest portions of the Red 
Crag itself, that Mr. Searles Wood inclines to the opinion that 
these two upper divisions of the Crag ‘ with their overlying 
Chillesford clay and sand can be regarded only as one deposit 
constituting in England the upper Crag, as the Coralline does 
the lower ; and that the triple division of the Crag which has for 
so many years been assumed must be abandoned . 9 On the 
other hand, between the periods of the Coralline and Red Crag, 
there was a great change of conditions, both as to the depth of 
the sea and climate, causing the fauna in each to differ far 
moro widely than would appear from the above numerical 
results. 

The value of the analysis given in the above table of the 
shells of the Red and Coralline Crags is in no small degree en- 
hanced by the fact that they were all either collected by Mr. 
Wood himself, or obtained by him direct from their discoverers, 
so that he was enabled in each case to test their authenticity, 
and as far as possible to avoid those errors which arise from 
confounding together shells belonging to the sea of a newer de- 
posit and those washed into it from a formation of older date. 
The danger of this confusion may be conceived when we re- 
member that the number of species rejected from the Red Crag 
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as derivative by Mr. Wood is no less than 87. Some geologists 
have held that on the same grounds it is necessary to exclude 
as derivative some of the species found in the Norwich Crag 
proper ; but Mr. Wood does not entertain this view, believing 
that the spurious shells which have sometimes found their way 
into the lists of this Crag have been introduced through want of 
care from Red Crag strata. 

There can be no doubt, on the other hand, that concliologists 
have occasionally rejected from the Red and Norwich Crags, as 
derivative, shells which really belonged to the seas of those 
periods, because they were extinct or unknown as living, which 
in their eyes afforded sufficient ground for suspecting them to be 
intruders. The derivative origin of a species may sometimes 
be indicated by the extreme scarcity of the individuals, their 
colour, and worn condition ; whereas an opposite conclusion 
may be arri ved at by the integrity of the shells, especially when 
they are of delicate and tender structure, or their abundance, 
and, in the case of the lamellibra ncliiata, by their being held 
together by the ligament, which often happens when the Bliells 
have been so broken that little more than the hinges of the two 
valves are preserved. As to the univalves, I have seen from a 
Red Crag pit, near Woodbridge, a large individual of the 
extinct Volvta Lambert /, seven inches in length, of which the 
lip, then perfect, had in former stages of its growth been fre- 
quently broken, and as often repaired. It had evidently lived 
in the sea of the Red Crag, where it had been exposed to rough 
usage, and sustained injuries like those which the reversed 
whelk, Troplum antiquum , so characteristic of the same formation, 
often exhibits. Additional proofs, however, have lately been 
obtained by Mr. Searlcs Wood that Valuta Lambcrtil lad not died 
out in the era of the Red Crag, by the discovery of the same 
fossil, near Soutliwold, in beds of the later Norwich Crag. 

Antwerp Crag-. — Strata of the same age as the Red and 
Coralline Crag of Suffolk have been long known in the country 
round Antwerp, and on the banks of the Scheldt, below that 
city ; and the lowest division, or Black Crag, there found, is 
shown by the shells to be somewhat more ancient than any of 
our British series, and probably forms the first links of a down- 
ward passage from the strata of the Pliocene to those of the 
Upper Miocene period. 

Newer Pliocene Strata of Sicily. — At several points north 
of Catania, on the eastern sea-coast of Sicily — as at Aci-Castello, 
for example, Trezza, andNizzeti — marine strata, associated with 
volcanic tuffs and basaltic lavas, are seen, which belong to a 
period when the first igneous eruptions of Mount Etna were 
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taking place in a shallow bay of the Mediterranean. They 
contain numerous fossil shells, and out of 142 species that have 
been collected all but eleven are identical with species now 
living. Some few of these eleven shells may possibly still linger 
in the depths of the Mediterranean, like Mur ex 
vaginatus, see fig. 135. The last-mentioned 
shell had already become rare when the asso- 
ciated marine and volcanic strata above alluded 
to were formed. On the whole, the modem 
character of the testaceous fauna under con- 
sideration is expressed not only by the small 
proportion of extinct species, but by the relative 
number of individuals by which most of the 
other species are represented, for the proportion 
agrees with that observed in the present fauna 
Murex vaginatus , of the Mediterranean. The rarity of indivi- 
Phii. duals in the extinct species is such as to imply 

that they were already on the point of dying out, having 
flourished chiefly in the earlier Pliocene times, when the Sub- 
apennine strata were in progress. 

Yet since the accumulation of these Newer Pliocene sands 
and clays, the whole cone of Etna, 11,000 feet in height and 
about 90 miles in circumference at its base, has been slowly 
built up ; an operation requiring many thousands of years for 
its accomplishment, and to estimate the magnitude of which it 
is necessary to study in detail the internal structure of the 
mountain, and to see the proofs of its double axis, or the evi- 
dence of the lavas of the present great centre of eruption having 
gradually overwhelmed and enveloped a more ancient cone, 
situated 3J miles to the east of the present one. 1 

It appears that while Etna was increasing in bulk by a series 
of eruptions, its whole mass, comprising the foundations of sub- 
aqueous origin above alluded to, was undergoing a slow upheaval 
by which those marine strata were raised to the height of 1,200 
feet above the sea, as seen at Catera, and perhaps to greater 
heights, for we cannot trace their extension westward, owing to 
, the dense and continuous covering of modern lava under which 
! they are buried. During the gradual rise of these Newer Plio- 
J cene formations (consisting of clays, sands, and basalts), other 
strata of Pleistocene date, marine as well as fluviatile, aocumu- 
j lated round the base of the mountain, and these, in their turn, 
partook of the upward movement, so that several inland cliffs 
and terraces at low levels, due partly to the action of the sea 

1 See a Memoir on the Lavas and Mode of Origin of Mount Etna, by the 
Author, Phil. Trans. 1858. 
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and partly to the river Simeto, originated in succession. Fossil 
remains of the elephant, and other extinct quadrupeds, have 
been found in those Pleistocene strata, associated with recent 
shells. 

There is probably no part of Europe where the Newer Plio- 
cene formations enter so largely into the structure of the earth’s 
crust, or rise to such heights above the level of the sea, as 
Sicily. They cover nearly half the island, and near its centre, 
at Castrogiovanni, reach an elevation of 3,000 feet. They con-] 
sist principally of two divisions, the upper calcareous, and the 1 
lower argillaceous, botli of which may be seen at Syracuse, Gir- . 
genti, and Castrogiovanni. According to Philippi, to whom we 
are indebted for the best account of the tertiary shells of this 
island, 35 species out of 124 obtained from the bods in central 
Sicily are extinct. 

A geologist, accustomed to see nearly all the Newer Pliocene 
formations in the north of Europe occupying low grounds and 
very incoherent in texture, is naturally surprised to behold for- 
mations of the same age so solid and stony, of such thickness, 
and attaining so great an elevation above the level of the sea.; 
The upper or calcareous member of this group in Sicily consists', 
in some places of a yellowish- white stone, like the Calcairel 
Grossier of Paris ; in others, of a rock nearly as compact as \ 
marble. Its aggregate thickness amounts sometimes to 700 or i 
800 feet. It usually occurs in regular horizontal beds, and is 
occasionally intersected by deep valleys, such as those of 
Sortino and Pentalica, in which are numerous caverns. The 
fossils are in every stage of preservation, from shells retaining 
portions of their animal matter and colour to others which are 
mere casts. The limestone passes downwards into a sandstonej 
and conglomerate, below which is clay and blue marl, from 
which perfect shells and corals may be disengaged. The clay| 
sometimes alternates with yellow sand. 

South of the plain of Catania is a region in which the tertiary 
beds are intermixed with volcanic matter, which has been for 
the most part the product of submarine eruptions. It appears 
that, while the clay, sand, and yellow limestone before mentioned 
were in course of deposition at the bottom of the sea, volcanoes 
burst out beneath the waters, like that of Graham Island, in 
1831, and these explosions recurred again and again at distant 
intervals of time. Volcanic ashes and sand were Bhowered 
down and spread by the waves and currents so as to form strata 
of tuff, which are found intercalated between beds of limestone 
and clay containing marine shells, the thickness of the wdiole 
mass exceeding 2,000 feet. The fissures through which the 




uppermost strata of the whole must have been deposited under 
water. In order, therefore, to form a just conception of their 
antiquity, we must iirst examine singly the innumerable minute 
parts of which the whole is made up, the successive beds of 
shells, corals, volcanic ashes, conglomerates, and sheets of lava; 
and we must afterwards contemplate the time required for the 
gradual upheaval of the rocks, and the excavation of the valleys. 
The historical period seems scarcely to form an appreciable unit 
in this computation, for we find ancient Greek temples, like 
those of Girgenti (Agrigentum), built of the modem limestone 
of which we are speaking, and resting on a hill composed of the 
same ; the site having remained to all appearances unaltered 
since the Greeks first colonised the island. 
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It follows, from the modern geological date of these rocks, that 
the fauna and flora of a large part of Sicily are of higher anti- 
quity than the country itself. The greater part of the island 
has been raised above the sea since the epoch of existing species, 
and the animals and plants now inhabiting it must have mi- 
grated from adjacent countries, with whose productions the 
species are now identical. The average duration of species 
would seem to be so great, that they are destined to outlive 
many important changes in the configuration of the earth’s 
surface, and hence the necessity for those innumerable contri- 
vances by which they are enabled to extend their range to new 
lands as they are formed, and to escape from those which sink 
beneath the sea. 

XT ewer Pliocene strata of tbe Upper Val d'Arno. — When 
we ascend the Arno for about 10 miles above Florence, we arrive 
at a deep narrow valley, called the Upper Val d’Arno, which 
appears once to have been a lake, at a time when the valley below 
Florence was an arm of the sea. The horizontal lacustrine 
strata of this upper basin are 12 miles long and 2 broad. The 
depression which they fill lias been excavated out of Eocene and 
Cretaceous rocks, which form everywhere the sides of the valley 
in highly inclined stratification. The thickness of the more 
modern and unconformable beds is about 750 feet, of which the 
upper 200 feet consist of Newer Pliocene strata, while the lower 
are older Pliocene. The newer series are made up of sands and 
a conglomerate called ‘ sansino. ’ Among the imbedded fossil 
mammalia are Mastodon arvernensis , Elephas meridioualis , Rhi- 
noceros etruscus, Hippopotamus major , and remains of the genera 
bear, hyrena, and felis, nearly all of which occur in the Cromer 
forest-bed (see p. 172). 

In the same upper strata are found, according to M. Gaudin, 
the leaves and cones of Glyptosirohns eur oper as, a plant closely 
allied to G. heterophyllus, now inhabiting the north of China and 
Japan. This conifer had a wide range in time, having been 
traced back to the Lower Miocene strata of Switzerland — and 
being common at CEningen in the Upper Miocene, as we shall 
see in the sequel (p. 205). 

Older Pliocene of Italy . — Subapennlne strata. — The Apen- 
nines, it is well known, are composed chiefly of Secondary or 
Mesozoic rocks, forming a chain which branches off from the 
Ligurian Alps and passes down the middle of the Italian penin- 
sula. At the foot of these mountains, on the side both of the 
Adriatic and the Mediterranean, are found a series of tertiary 
strata, which form, for the most part, a line of low hills occu- 
pying the space between the older chain and the sea. Brocchi 
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was the first Italian geologist who described this newer gronp in 
detail, giving it the name of the Subapennine. Though chiefly 
composed of Older Pliocene strata, it belongs nevertheless, in 
part, both to older and newer members of the tertiary series. 
The strata, for example, of the Superga, near Turin, are 
Miocene ; those of Asti and Parma Older Pliocene, as is the 
blue marl of Sienna ; while the shells of the incumbent yellow 
sand of the same territory approach more nearly to the recent 
fauna of the Mediterranean, and may be Newer Pliocene. 

We have seen that most of the fossil shells of the Older 
Pliocene strata of Suffolk which are of recent Bpecies are iden- 
tical with testacea now living in British seas, yet some of them 
belong to Mediterranean species, and a few even of the genera 
are those of warmer climates. We might therefore expect, in 
studying the fossils of corresponding age in countries bordering 
the Mediterranean, to find among them some species and genera 
of warmer latitudes. Accordingly, in the marls belonging to 
this period at Asti, Parma, Sienna, and parts of the Tuscan and 
Roman territories, we observe the genera Conus, Cyprzea, 
JS trombus , Pymla, Mitra , Fasciolaria, Sigaretus , JJdphinula , 
Ancillaria , Oliva , Terebellum, Terebra , Perna, Plicatula , and 
Corbis , some characteristic of tropical seas, others represented 
by species more numerous or of larger size than those now 
proper to the Mediterranean. 

Older Pliocene flora of Italy. — I have already alluded to 
the Newer Pliocene deposits of the Upper Yal d’Arno above 
Florence, and stated that below those sands and conglomerates, 
containing the remains of the JSlephas meridionalis and other 
associated quadrupeds, lie an older horizontal and conformable 
series of beds, which may be classed as Older Pliocene. They 
consist of blue clays with some subordinate layers of lignite, and 
exhibit a richer flora than the overlying Newer Pliocene beds, 
and one receding farther from the existing vegetation of Europe. 
They also comprise more species common to the antecedent 
Miocene period. Among the genera of flowering plants, M. 
Gaudin enumerates pine, oak, evergreen oak, plum, plane, 
alder, elm, fig, laurel, maple, walnut, birch, buckthorn, hiccory, 
sumach, sarsaparilla, sassafras, cinnamon, Glyptostrobus, 
Taxodium, Sequoia, Persea, Oreodaphne (tig. 137), Cassia, 
Psoralea, and some others. This assemblage of plants indi- 
cates a warm climate, but not so subtropical an one as that of the 
Upper Miocene period, which will presently be considered. 

M. Gaudin, jointly with the Marquis Strozzi, has thrown 
much light on the botany of beds of the same age in another 
part of Tuscany, at a place called Montaj one, between the rivers 
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Elsa and Evola, where, among other plants, is found the 
Oreodaphne Heerii , Gaud, (see fig. 137), which is probably only 
a variety of Oreodaphne f ceteris, or the laurel called the Til in 
Madeira, where, as in the Canaries, it constitutes a large portion 
of the native woods, but cannot now endure the climate of 
Europe, In the fossil specimens the same glands or protuber- 


Fig. 137. Fig. 138, 



Oreodaphne Heerii. > LUptidambar europceum , vnr. trilobatum , A. Br. ; (sometimes 
Leaf half nat. sizo, 1 4 lobed and more eotumonly 0 lobed). 

a. Leaf, half nat. size. c . Emit, nat. size. 

b. Part of same, nat, size. d. Seed, do. CKuingcn. 

ances are preserved 1 2 (see fig. 137), as those which are seen in 
the axils of the primary veins of the leaves in the recent Til. 
Another plant also indicating a wanner climate is the Liquid - 
arnbar enroptmm, Brong. (see fig. 138), a species nearly allied 
to L. styraciflnnm, L. , which flourishes in most places in the 
Southern States of North America, on the borders of the Gulf 
of Mexico, 

1 Feuilles fossiles de la Toscane. italienne. Gniulin and Strozzi. 

8 Contributions it la Flore fossile Plate 11, fig. 3. Uaudin, p. 22. 
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CHAPTER XIV. 

MIOCENE PERIOD — UPPER MIOCENE. 

Upper Miocene strata of France — Faluns of Touraine — Tropical climate 
implied by testacea — Proportion of recent species of shells — Faluns more 
ancient than the Suffolk Crag — Upper Miocene of Bordeaux and the south 
of France — Upper Miocene of CEningen in Switzerland — Plants of the 
Upper freshwater Molasse — Fossil fruit and flowers as well as leaves — 
Insects of the Upper Molasse — Middle or Marine Molasse of Switzerland 
— Upper Miocene beds of the Bolderberg in Belgium — Vienna basin — 
Upper Miocene of Italy and Greet'd — Upper Miocene of India ; Siwalik 
hills — Older Pliocene and Miocene of the United States. 

Upper Miocene strata of Trance. — Faluns of Touraine. — 

The strata whicli we meet witli next in the descending order 
are those called by many geologists ‘ Middle Tertiary, 5 for which 
in 1833 I proposed the name of Miocene, selecting the ‘ faluns 5 
of the valley of the Loire in France as my example or type. I 
shall now call these falunian deposits Upper Miocene, 1 to 
distinguish them from others to which the name of Lower 
Miocene will be given. 

No British strata have a distinct claim to be regarded as 
Upper Miocene ; and as the Lower Miocene are also but feebly 
represented in the British Isles, we must refer to foreign ex- 
amples in illustration of this important period in the earth’s 
history. The term ‘ faluns 5 is given provincially by French 
agriculturists to shelly sand and marl spread over the land 
in Touraine, just as similar shelly deposits were formerly 
much used in Suffolk to fertilise the soil, before the coprolitic 
or pliosphatic nodules came into use. Isolated masses of 
such faluns occur from near the mouth of the Loire, in the 
neighbourhood of Nantes, to as far inland as a district south of 
Tours. They are also found at Pontlevoy, on the Cher, about 
seventy miles above the junction of that river with the Loire, 
and thirty miles S.E. of Tours. Deposits of the same age 
also appear under new mineral conditions near the towns of 
Dinan and Rennes, in Brittany. I have visited all the localities 

1 In the recent works of M. Gaudry the two authors do not entirely agree, 
and M. Milne-Ed wards the Upper M. Gaudry placing Eppelsheim in 
Miocene is subdivided into Upper the Upper, and Milne-Edwards in 
and Middle ; but it would seem that the Middle Miocene. 
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above enumerated, and found the beds on the Loire to consist 
principally of sand and marl, in which are shells and corals, 
Borne entire, some rolled, and others in minute fragments. In 
certain districts, as at Doud, in the Department of Maine and 
Loire, ten miles S.W. of Saumur, they form a soft building- 
stone, chiefly composed of an aggregate of broken shells, poly- 
zoa, corals, and echinoderms, united by a calcareous cement ; 
the whole mass being lithologically very like the Coralline Crag 
near Aldborough and Sudboum in -Suffolk. The scattered 
patches of faluns are of slight thickness, rarely exceeding fifty 
feet ; and between the district called La Sologne and the sea 
they repose on a great variety of older rocks ; being seen to rest 
successively upon gneiss, clay-slate, various secondary forma- 
tions, including the chalk; and, lastly, upon the upper fresh- 
water limestone of the Parisian tertiary series, which, as before 
mentioned (p. 119), stretches continuously from the basin of the 
Seine to that of the Loire. 

At some points, as at Louans, south of Tours, the shells are 
stained of a ferruginous colour, not unlike that of the Red Crag 
of Suffolk. The species are, for the most part, marine, but a 
few of them belong to land and fluviatile genera. Among the 
former, Helix turonensis (fig. 38, 
p. 32) is the most abundant. Re- 
mains of terrestrial quadrupeds 
are here and thero intermixed, 
belonging to the genera Dino- 
therium (fig. 139), Mastodon, 

Rhinoceros, Hippopotamus, Chye- 
ropotamus, Dichobune, Deer, and 
others, and these are accompanied 
by cetacea, such as the Lamantine, 

Morse, Sea-Calf, and Dolphin, all 
of extinct species. 

The fossil testacea of the faluns 
of the Loire imply, according to 
the late Edward Forbes, that the 
beds were formed partly on the 
shore itself at the level of low water, and partly at very mode- 
rate depths, not exceeding ten fathoms below that level. The 
molluscan fauna is on the whole much more littoral than that 
of the Pliocene Red and Coralline Crag of Suffolk, and implies 
a shallower sea. It is, moreover, contrasted with the Suffolk 
Crag by the indications it affords of an extra-European climate. 
Thus it contains seven species of Cypraea , some larger than any 
existing cowry of the Mediterranean, several species of Oliva , 


Fig. 130. 



Dinothevium giganteum , Kaup. 
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Ancillaria, Mitra, Terebra , Pyrula, Fasciolaria, and Conus. Of 
the cones there are no less than eight species, some very large, 
whereas the only European cone now living is of diminutive 
size. The genus Nerita , and many others, are also represented 
by individuals of a type now characteristic of equatorial seas, 
and wholly unlike any Mediterranean forms. These proofs of 
a more elevated temperature seem to imply the higher antiquity 
of the faluns as compared with the Suffolk Crag, and are in 
perfect accordance with the fact of the smaller proportion of 
testacea of recent species found in the faluns. 

Out of 290 species of shells, collected by myself in 1840 at 
Pontle voy, Louans, Bossde, and other villages twenty miles 
south of Tours, and at Savignd, about fifteen miles north-west 
of that place, seventy-two only could be identified with recent 
species, which is in the proportion of twonty-five per cent. A 
large number of the 290 species are common to all the localities, 
those peculiar to each not being more numerous than we might 
expect to find in different bays of the same sea. 

The total number of species of testaceous mollusca from the 
faluns in my possession is 302, of which 45 only, or fourteen 
per cent., were found by Mr. Wood to be common to the Suffolk 
Crag. The number of polyzoa and zoantharia obtained by me 
at Doud, and other localities before adverted to, amounts to 43 
as determined by Mr. Lonsdale, of which seven (one of them a 
zoantharian) agree specifically with those of the Suffolk Crag. 
Some of the genera occurring fossil in Touraine, as the corals 
Astrea and Dendrophyllia , and the polyzoan Lunulites , have 
not been found in European seas north of the Mediterranean; 
nevertheless the zoantharia of the faluns do not seem to indicate 
on the whole so warm a climate as would have been inferred 
from the shells. 

It was stated that, on comparing about 300 species of Tou- 
raine shells with about 450 from the Suffolk Crag, 45 only were 
found to be common to both, which is in the proportion of only 
fifteen per cent. The same small amount of agreement is found 
in the corals also. I formerly endeavoured to reconcile this 
marked difference in species with the supposed co-existence of 
the two faunas, by imagining them to have severally belonged 
to distinct zoological provinces or two seas, the one opening to 
the north, and the other to the south, with a barrier of land 
between them, like the Isthmus of Suez, now separating the 
Red Sea and the Mediterranean. But I now abandon that idea 
for several reasons ; among others, because I succeeded in 3841 
in tracing the Crag fauna southwards in Normandy to within 
seventy miles of the falunian type, near Dinan, yet found that 
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both assemblages of fossils retained their distinctive characters, 
showing no signs of any blending of species or transition of 
climate. 

The principal grounds, however, for referring the English 
Crag to the Older Pliocene and the French faluns to the Upper 
Miocene epochs, consist in the predominance of fossil shells in 
the British strata identifiable with species, not only still living, 
but which are now inhabitants of neighbouring seas, while the 
accompanying extinct species are of genera such as characterise 
Europe. In the faluns, on the contrary, the recent species are 
in a decided minority ; and most of them 
are now inhabitants of the Mediterranean, 
the coast of Africa, and the Indian Ocean; 
in a word, less northern in character, and 
pointing to the prevalence of a warmer 
climate. They indicate a state of things 
receding farther from the present con- 
dition of Central Europe in physical geo- 
graphy and climate, and doubtless, there- 
fore, receding ftiitlier from our era in 
time. 

Among the conspicuous fossils common 
to the faluns of the Loire and the Suffolk 
Crag, is a variety of the Valuta Lambert i, a 
shell already alluded to (p. 1 77, fig. 120). 

The specimens of this shell which I have 
myself collected in Touraine, or have seen 
in museums, are thicker and heavier than lit 

British individuals of the same species, occno. 
and shorter in proportion to their width, and have the folds on 
the columella less oblicpie, as represented in the annexed 
figure. 

Upper Miocene strata of Bordeaux and South of 
France. — A great extent of country between the Pyrenees and 
the Gironde is overspread by tertiary deposits of various ages 
and chiefly of Miocene date. Some of these, near Bordeaux, 
coincide in age with the faluns of Touraine, already mentioned, 
but many of the species of shells are peculiar to the south. The 
succession of beds in the basin of the Gironde implies several 
oscillations of level by which the same wide area was alternately 
converted into sea and land and into brackish- water lagoons, 
and finally into freshwater ponds and lakes. 

Among the freshwater strata of this age near the base of the 
Pyrenees are marls, limestones, and sands, in which the eminent 
comparative anatomist, M. Lartet, obtained a great number of 


Fig. 140. 



Valuta Lamtwti, .Sow. 
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fossil mammalia common to the faluns of the Loire and the 
Upper Miocene beds of Switzerland, such as Dinotherium gigan- 
teum and Mastodon angndidens. More lately M. Gaudry has 
enumerated 16 species of vertebrata from strata of this age at 
Mont Ldberon in Vaucluse, among which are Maehxrodus 
cultridens, Rhinoceros Schleicrm acker i , JDinotheritim glgantcum , 
and the gigantic ruminant Hclladothcrhim Duvernoyi rivalling 
the giraffe in stature. This herbivore had a wide range over 
Europe and Asia, its remains having been found in Greece and 
India. But the most remarkable of all the remains found in 
the Upper Miocene strata of the south of France were the bones 
of quadrumana, or of the ape and monkey tribe, which were 
discovered by M. Lartet in 1837, the first of that order of 
quadrupeds detected in Europe. They occurred at Sansan, 
near Audi, in the Department of Gers, in latitude 43° 39' N., 
about forty miles west of Toulouse. They were referred by 
MM. Lartet and Blainville to a genus closely allied to the Gibbon, 
to which they gave the name of RliopUheeus. When I visited 
Sansan in the spring of 1872 1 came to the conclusion that the 
explanation of so many mammalia and other vertebrata being 
preserved at Sansan alone, in so very limited an area, was 
probably the partial recurrence of a very thick impervious marly 
deposit or layer in which the quadrupeds may have been bogged, 
and which pre vented free percolation of water, whereas in 
general impervious beds must have been wanting, so that all 
organic remains of the date of the faluns were destroyed wliero 
they happened to be imbedded. 

In 1856, M. Lartet described another species of the same 
family of long-armed apes ( Tlglobates ), which he obtained from 
strata of the same age at Saint-Gaudens in the Haute Garonne. 
The fossil remains of this animal consisted of a portion of a 
lower jaw with teeth and the shaft of a humerus. It is sup- 
posed to have been a tree-climbing frugivorous ape, equalling 
Man in stature. As the trunks of oaks are common in the 
lignite beds in which it lay, it has received the generic name of 
Dryopithecus. The angle formed by the ascending ramus of the 
jaw and the alveolar border is less open, and therefore more like 
the human subject, than in the Chimpanzee; and, what is still 
more remarkable, the fossil, a young but adult individual, had 
all its milk teeth replaced by the second set, while its last true 
molar (or wisdom tooth) was still undeveloped, or only existed 
as a germ in the jaw-bone. In the mode, therefore, of the suc- 
cession of its teeth (which, as in all the Old-World apes, exactly 
agree in number with those in Man) it differed from the Gorilla 
and Chimpanzee, and corresponded with the human species. 
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Upper Miocene beds of (Eningren in Switzerland. — The 

faluns of the Loire first served, as already stated (p. 102), as 
the type of the Miocene formations in Europe. They yielded a 
plentiful harvest of marine fossil shells and corals, but were en- 
tirely barren of plants and insects. In Switzerland, on the other 
hand, deposits of the same age have been discovered, remark- 
able for their botanical and entomological treasures. We are 
indebted to Professor Heer of Zurich for the description, re- 
storation, and classification of several hundred species and vari- 
eties of these fossil plants, the whole of which he has illustrated 
by excellent figures in his ‘ Flora Tertiaria Helvetia). ’ This great 
work, and those of Adolphe Brongniart, Unger, Goeppert, and 
others, show that this class of fossils is beginning to play the 
same important part in the classification of the tertiary strata 
containing lignite or brown coal as an older flora has long played 
in enabling us to understand the ancient coal or carboniferous for- 
mation. No small scepticism has always prevailed among botan- 
ists as to whether the leaves alone and the wood of plants could 
ever afford sufficient data for determining even genera and fa- 
milies in the vegetable kingdom. In truth, before such remains 
could be rendered available, a new science had to be created. It 
was necessary to study the outlines, nervation, and microscopic 
structure of the leaves, with a degree of care which had never 
been called for in the classification of living plants, where the 
flower and fruit afforded characters so much more definite and 
satisfactory. As geologists, we cannot be too grateful to those 
who, instead of despairing when so difficult a task was presented 
to them, or being discouraged when men of the highest scientific 
attainments treated the fossil leaves as worthless, entered with 
full faith and enthusiasm into this new and unexplored field. 
That they should frequently have fallen into errors was un- 
avoidable ; but it is remarkable, especially if we enquire into the 
history of Professor Heer’s researches, how often early conjec- 
tures as to the genus and family founded on the leaves alone 
were afterwards confirmed when fuller information -was obtained. 
As examples to be found on comparing Heer’s earlier and later 
works, I may instance the chestnut, elm, maple, cinnamon, 
magnolia, buckbean or Menyanfches, vine, buckthorn ( Tthamnus ), 
Andromeda , and Myrica , and among the conifers Sequoia and 
Tcuxodium. In all these cases the plants were first recognised by 
their leaves ; and the accuracy of the determination was after- 
wards confirmed when the fruit, and in some instances both fruit 
and flower, were found attached to the same stem as the leaves. 

But let us suppose that no fruit, seed, or flower had ever been 
met with in a fossil state, we should still have been indebted to 
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the persevering labours of botanical palaeontologists for one of 
the grandest scientific discoveries for which the present century 
is remarkable — namely, the proofs now established of the pre- 
valence of a mild climate and a rich arborescent flora in the arctic 
regions in that Miocene epoch on the history of which we are 
now entering. It may be useful if I endeavour to give the 
reader in a few words some idea of the nature of the evidence of 
these important conclusions, to show how far they may be safely 
based on fossil leaves alone. When we begin by studying the 
fossils of the Newer Pliocene deposits, such as those of the Upper 
Val d’Arno, before alluded to, we perceive that the fossil foliage 
agrees almost entirely with the trees and shrubs of a modern 
European forest. In the plants of the Older Pliocene strata of 
the same region we observe a larger proportion of species and 
genera which, although they may agree with well-known Asiatic 
or other foreign types, are at present wanting in Italy. If we 
then examine the Miocene formations of the same country, exotic 
forms become more abundant, especially the palms, whether 
they belong to the European or American fan-palms, Clmmce.rops 
and Sabal (fig. 154, p. 220), or to the more tropical family of the 
date-palms or Phocnicites , which last are conspicuous in the Lower 
Miocene beds of Central Europe. Although we have not found 
the fruit or flower of these palms in a fossil state, the leaves are 
so characteristic that no one doubts the family to which they 
belong, or hesitates to accept them as indications of a warm and 
sub- tropical climate. 

When the Miocene formations are traced to the northward of 
the 50th degree of latitude, the fossil palms fail us ; but the 
greater proportion of the leaves, whether identical with those of 
existing European trees or of forms now unknown in Europe, 
which had accompanied the Miocene palms, still continue to 
characterise rocks of the same age, until we meet with them not 
only in Iceland, but in Greenland, in latitude 70° N., and in 
Spitzbergen, lat. 78° 5G', or witliin about 11 degrees of the pole, 
and under circumstances which clearly show them to have been 
indigenous in those regions/ and not to have been drifted from 
the south (see p. 222). Not only, therefore, has the botanist 
afforded the geologist much palaeontological assistance in identi- 
fying distinct tertiary formations in distant places by his power 
of accurately discriminating the forms, veining, and microscopic 
structure of leaves or wood, but independently of that exact 
knowledge, derivable from the organs of fructification, we are 
indebted to him for one of the most novel and unexpected results 
of modem scientific enquiry. 

The Miocene formations of Switzerland havo been called 
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Molasse , a term derived from the French mol, and applied to a 
soft, incoherent, greenish sandstone, occupying the country be- 
tween the Alps and the Jura. This molasse comprises three 
divisions, of which the middle one is marine, and, being closely 
related by its shells to the faluns of Touraine, may be classed 
as Upper Miocene. The two others are freshwater, the upper 
of which may be also grouped with the faluns, while the lower 
must be referred to the Lower Miocene, as defined in the next 
chapter. 

Vpper freshwater Molasse. — This formation is best seen at 
CEningen, in the valley of the Rhine, between Constance and 
Schaffliausen, a locality celebrated for having produced in the 
year 1700 the supposed human skeleton called by Scheuchzer 
i homo diluvii testis,’ a fossil afterwards demonstrated by Cuvier 
to be a reptile, or aquatic salamander, of larger dimensions than 
even its great living representative the salamander of J apan. 

The CEningen strata consist of a series of marls and lime- 
stones, many of them thinly laminated, and which appear to 
have slowly accumulated in a lake probably fed by springs 
holding carbonate of lime in solution. The elliptical area over 
which this freshwater formation has been traced extends, accord- 
ing to Sir Roderick Murchison, for a distance of ten miles east 
and west from Berlingen, on the right bank of the river to 
Wangen, and to CEningen, near Stein, on the left bank. The 
organic remains have been chiefly derived from two quarries, 
the lower of which is about 550 feet above the level of the Lake 
of Constance, while the upper quarry is 150 feet higher. In 
this last, a section thirty feet deep displays a great succession of 
beds, most of them splitting into slabs, and some into very thin 
laminae. Twenty-one beds are enumerated by Professor Heer, 
the uppermost a bluish-grey marl seven feet thick, with organic 
remains, resting on a limestone with fossil plants, including 
leaves of poplar, cinnamon, and pond-weed ( Potamogeton ), to- 
gether with some insects ; while in the bed No. 4, below, is a 
bituminous rock, in which the Mastodon tapir oides, a character- 
istic Upper Miocene quadruped, has been met with. The 5tli 
bed, two or three inches thick, contains fossil fish, e.g. Leuciscus 
(roach), and the larvae of dragon-flies, with plants such as the 
elm ( JJlmus ), and the aquatic Chara. Below this are other 
plant-beds ; and then, in No. 9, the stone in which the great 
salamander (Andrias Scheuchzer i) and some fish were found. 
Below this, other strata occur with fish, tortoises, the great 
salamander before alluded to, freshwater mussels, and plants. 
In No. 16 the fossil fox of CEningen, Galecynus Gening crisis, 
Owen, was obtained by Sir R. Murchison. To this succeed 
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other beds with mammalia ( Lagomys ), reptiles (Emys), fish, and 
plants, such as walnut, maple, and poplar. In the 19th bed 
are numerous fish, insects, and plants, below which are marls 
of a blue indigo colour. 

In the lower quarry eleven beds are mentioned, in which, as 
in the upper, both land and freshwater plants and many insects 
occur. In the Cth, reckoning from the top, many plants have 
been obtained, such as Liqnidambar , Cinnamomnm , Podogonium , 
and Ulmns, together with tortoises, besides the bones and teeth 
of a ruminant quadruped, named by H. von Meyer Paleomeryx 
eminens. No. 9 is called the insect bed, a layer only a few 
inches thick, which, when exposed to the frost, splits into leaves 
as thin as paper. In these thin laminae plants such as Liquid - 
ambar, Cinnamomum , and Glyptostrobus occur, with innumerable 
insects in a wonderful state of preservation, usually found 
singly. Below this is an indigo-blue marl, like that at the 
bottom of the higher quarry, resting on yellow marl ascertained 
to be at least thirty feet thick. 

All the above fossil-bearing strata were evidently formed with 
extreme slowness. Although the fossiliferous beds are, in the 
aggregate, not more than a few yards in thickness, and have 
only been examined in the small area comprised in the two 
quarries just alluded to, they give us an insight into the state of 
animal and vegetable life in part of the Upper Miocene period, 
such as no other region in the world has elsewhere supplied. 
In the year 1859, Prof. Hcer had already determined no less 
than 475 species of plants and more than 800 insects from these 
(Eningen beds. He supposes that a river entering a lake floated 
into it some of the leaves and land insects, together 'with the 
carcases of quadrupeds, among others a great Mastodon. Occa- 
sionally, during tempests, twigs and even boughs of trees with 
their leaves were torn off* and carried for some distance so as to 
reach the lake. Springs, containing carbonate of lime, seem at 
some points to have supplied calcareous matter in solution, 
giving origin locally to a kind of travertin, in which organic 
bodies sinking to the bottom became hermetically sealed up. 

In his work entitled ( The Naturalist of the Amazons/ Mr. 
Bates mentions having observed on the Tapajos river in Brazil 
the dead or half-dead bodies of ants heaped up in a line an inch 
or two in height and breadth for miles along the beach. 1 I am 
also informed by the same naturalist that on the sandy shores 
of Lake Ega, on the Upper Amazons, he saw on several occa- 
sions sloping ridges of dead insects of all orders piled up on the 

1 Naturalist of the Amazons, 1863, vol. ii. p. 85. 
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margin of the lake. This sudden destruction of whole shoals of 
insects is caused, he says, by a sudden chill and squall occur- 
ring in the night over a wide expanse of water after a hot 
evening. The insects are tempted to fly by the sultry weather, 
the chill and storm overtake them, and they are cast into the 
water, the waves of which wash their bodies on to the lee-shore. 
Sand is also often thrown up at the same time, and some of the 
insects are thus buried a little above the water-line. 

The laminae of the CEningen beds which immediately succeed 
each other were not all formed, according to Prof. Heer, at the 
same season, for it can bo shown that, when some of them 
originated, certain plants were in flower, whereas, when the 
next of these layers was produced, the samo plants had ripened 
their fruit. This inference is confirmed by independent proofs 
derived from insects. The principal insect-bed is rarely two 


Fig. 141. 



Cinnamomum polymotphum , Ad. Brong. Upper and Lower Miocene. 

a . Leaf. 6. Flower, nat. size. Hccr, PI. 93, fig. 28. 

c. Ilipc fruit of Cinnamomum polymorphum, from CEningen. Ilecr, PI. 94, fig. 14. 

d. Fruit of recent Cinnamomum canip/wnim of Japan. Ileor, PI. 152, fig. 18. 

inches thick, and is composed, says Hccr, of about 250 leaf-like 
laminae, some of which were deposited in the spring, when the 
Cinnamomum polymorphnm (fig. 141) was in flower ; others in 
summer, when winged ants were numerous, and when the 
poplar and willow had matured their seed ; others, again, in 
autumn, when the same Cinnamomum polymorphnm (fig. 141) 
was in fruit, as well as the liquidambar, oak, clematis, and 
many other plants. The ancient lake seems to have had a belt 
of poplars and willows round its borders, countless leaves of 
which were imbedded in mud, and together with them at some 
points a species of reed, Arundo, which was very common. 

One of the most characteristic shrubs is a leguminous and 
papillionaceous plant of an extinct genus, called by Heer Podo * 

k 3 
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gonium, of which two species are known. Entire twigs havo 
been found with flowers, and always without leaves, as the flowers 
evidently came out, as in the poplar and willow” tribe, before 
any leaves made their appearance. Other specimens have been 
obtained with ripe fruits accompanied by leaves, which resemble 
those of the tamarind, to which it was evidently allied, being of 
the family Csosalpinse, now proper to warmer regions. 

The Upper Miocene flora of CEningen is peculiarly important, 
in consequence of the number of genera of which not merely the 
leaves, but, as in the case of the Podogonium just mentioned, 
the fruit also and even the flower are known. Thus there are 
nineteen species of maple, ten of which have already been 
found with fruit. Although in no one region of the globe do so 
many maples now flourish, we need not suspect Prof. Heor 
of having made too many sj^ecies in this genus when we consider 
the manner in which he has dealt with one of them, Acer trilo- 
batum (figs. 142, 143). Of this plant the number of marked 


Fig. 112. 



Aw trilobatum, normal form. Jleer, Flora Tert. Helv., PI. ] 1 4, fig. 2. Size J diam. 

(Part only of tlic long stalk of the original fossil sp cimcn is here given > 
Upper Miocene, CEningen; also found in Lower Miocene of SwitSnd. 


varieties figured and named is very great, and no less than three 
of them had been considered as distinct species by other 
botanists, while six of the others might have laid claim, with 
nearly equal propriety, to a like distinction. The common 
form, called Acer tHlobcitnrn , fig. 142, may be taken as a normal 
representative of the CEningen fossil, and fig. 143 as one of the 
most divergent varieties, having almost four lobes in the leaf 
instead of three. 
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Among the conspicuous genera which abounded in the 
Miocene period in Europe is the plane-tree, Platamos , the fossil 
species being considered by Heer to come nearer to the American 
P. occidentalis than to P. orientalia of Greece and Asia Minor. 


Fig. 143. 



Acer trilobatum. 


а. Abnormal variety of leaf. Tleer, FI. 110, fig. 16. 

б. Flower and bracts, normal form. Heer, FI. Ill, fig. 21. 
c. Half a seed-vessel. Heer, PI. Ill, fig. 5. 


In some of the fossil specimens the male flowers are preserved. 
Among other points of resemblance with the living plane-trees, 
as we see them in the parks 
and squares of London, fossil rig * 144 * 

fragments of the trunk are met m 

with, having pieces of tlieir bark 1'#^ ~ 
peeling off. c J%%\ yL* * 

The vine of CEningen, Vitis tcu- /sm a 

tonica, Ad. Brong. , is of a North 
American type. Both the leaves 

and seeds have been found at 0(/ \N y yq \jL 

CEningen, and bunches of com- I 

pressed grapes of the same species 

have been met with in the brown 

coal of Wetteravia in Germany. T „ . 

No less than eight species of smi- Heer, pi. 88, figs. r>s. 

lax, a monocotyledonous genus, Slac 3 diam^ Uppe r Miocene, 

occur at CEningen and in other a. Leaf. 

Upper Miocene localities, the 
flowers of some of them, as well 


&. The core of a bundle of pericarps, 
c. Single fruit or pericarp, nat. size. 


as the leaves, being preserved, as in the case of the very 
common fossil, Smilax sagittifera (fig. 145, a). 

Leaves of plants supposed to belong to the order Proteacees 
have been obtained partly from CEningen and partly from the 
lacustrine formation of the same age at Locle in the Jura, 
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They hare been referred to the genera Banksia, Qrevillea , 
Hakea , and Persoonia. Of Hakea there is the impression -of a 
supposed seed-vessel, with its characteristic thick stalk and seeds ; 
but as the fruit is without structure, and has not yet been found 
attached to the same stem as the leaf, the proof iB incomplete. 


Fig. 145. 



Smilax Sagiltifera. Hccr, PL 30, fig. 7. Size \ diameter. 

a. Leaf. 6. Flower magnified, one of the six petals wanting at d. Upper Miocene, 
CEningcn. c. Smilax obtusifoUa. Hcer, PI. 30, fig. 9 ; nat. size. Upper Mio- 
cene, CEningcn. 

To whatever family the foliage hitherto regarded as protea- 
ceous by many able paleontologists may eventually be shown to 
belong, we must be careful not to question their affinity to that 
order of plants on those geographical considerations which have 
influenced some botanists. The nearest living Proteaceee now 


Fig. 14G. 



Fruit of tlie fossil and recent species of Hakea, a genus of Proteacca?. 

a. Leaf of fossil species, Ilalea salicina. Upper Miocene, (Eningen ; Heer, PL .97, 
fig. 29. $ diam. 6. Impression of woody fruit of same, showing thick stalk. 
3 diam. c. Seed of same; natural size. d. Fruit of living Australian species, 
Jlakea saligna, It. Brown. A diam. e. seed of same ; natural size. 

flourish in Abyssinia in lat. 20° N., but the greatest number 
are confined to the Cape and Australia. The ancestors, however, 
of the CEningen fossils ought not to be looked for in such 
distant regions, but from that European land which in Lower 
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Miocene times bore trees with similar foliage ; and these had 
doubtless an Eocene source, for cones admitted by all botanists 
to be proteaceous have been met with in one division of that 
older Tertiary group (see fig. 209, p. 248). The source of these 
last, again, must not be sought in the antipodes, for in the 
cretaceous white sands and laminated clays of Aix-la-Chapelle 
leaves like those of Grevillea and other proteaceous genera have 
been found in abundance, and as we shall see (p. 287) in a most 
perfect state of preservation. All geologists agree that the 
distribution of the cretaceous land and sea had scarcely any 
connection with the present geography of the globe. 

In the same beds with the supposed Proteacem there occurs 
at Locle a fan-palm of the American type Sabal (for genus see 
fig. 154), a genus which ranges throughout the low country 
near the sea from the Carolinas to Florida and Louisiana. 


Among the Coniferse of Upper Miocene age is found a deci- 
duous cypress nearly allied to the Taxodium distichum of North 


America, and a G lyptostrobus (fig. 147), 
very like the Japanese G. hcterophyllus , 
now common in our shrubberies. 

Before the appearance of Heer’s work 
on the Miocene Flora of Switzerland, 
Unger and Goppert had already pointed 
out the large proportion of living North 
American genera which distinguished 
the vegetation of the Miocene period in 
Central Europe. Next in number, says 
Heer, to these American forms at CEnin- 
gen the European genera preponderate, 
the Asiatic ranking in the third, the 


Fig. 147. 



Glyptostrobufi Euroj 
Branch with ripe fruit. 
Deer, FI. 20, fig. 1. Upper 
Miocene, Qiningcn. 


African in the fourth, and the Australian 


in the fifth degree. The American forms are more numerous 


than in the Italian Pliocene flora, and the whole vegetation 


indicates a warmer climate than the Pliocene, though not so 
high a temperature as that of the older or Lower Miocene 


period. 

The conclusions drawn from the insects are for the most part 


in perfect harmony with those derived from the plants, but 
they have a somewhat less tropical and less American aspect, 
the South European types being more numerous. On the 
whole, the insect fauna is richer than that now inhabiting any 
part of Europe. No less than 844 species are reckoned by 
Heer from the CEningen beds alone, the number of specimens 
which he has examined being 5,080. The entire list of Swiss 
species from the Upper and Lower Miocene together amount to 
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1)322. Almost all the living families of Coleoptera are repre- 
sented ; but, as we might have anticipated from the preponder- 
ance of arborescent and ligneous plants, the wood-eating beetles 
play the most conspicuous part, the Buprestridse and other long- 
homed beetles being particularly abundant. 

The patterns and some remains of the colours both of Colcop - 
tera and Hcmiptcra are preserved at (Eningen ; as, for example, 
in the annexed figure of Hcirpactor , in which the antennae, one 
14g of the eyes, and legs and wings 

\ are retained. The characters, in- 
deed, of many of the insects are so 
v x r well defined as to incline us to 

/ believe that, if this class of the 

V / £~ invertebrata were not so rare and 

T 4 IC m local, they might be more useful 

^ than even the plants and shells in 

[ settling chronological points in 

^jj \ HSSlljlW middle or marine Molasse 

(Upper Miocene) of Switzer- 
'' yMyf land. — It was before stated that 

u jKmlUl- IvwRRv ^ ocene formation of Switzer- 

V ^ anC ^ cons i s ^ e d of, 1st, the upper 

freshwater molasse, comprising 
^ the lacustrine marls of (Eningen; 

i, , _ 2ndly, the marine molasse, corre- 

Miocene, (Eningen. spondmg in age to the faluns of 
Touraine ; and 3rdly, the lower 
freshwater molasse. Some of the beds of the marine or middle 
series reach a height of 2,470 feet above the sea. A large 
number of the shells are common to the faluns of Touraine, the 
Vienna basin, and other Upper Miocene localities. The terres- 
trial plants play a subordinate part in the fossiliferous beds, 
yet more than ninety of them are enumerated by Heer as 
belonging to this falunian division, and of these more than half 
are common to subjacent Lower Miocene beds, while a pro- 
portion of about 45 in 100 are common to the overlying 
(Eningen flora. 26 of the 92 species are peculiar. 

Upper Miocene of the Solderberg- in Belgium. — In a 
small hill or ridge called the Boldcrberg, which I visited in 
1851, situated near Hasselt, about forty miles E.N.E. of 
Brussels, strata of sand and gravel occur, to which M. Dumont 
first called attention as appearing to constitute a northern 
representative of the faluns of Touraine. On the whole, they 
are very distinct in their fossils from the two upper divisions 


Harpacior niaculipes , Heer. Upper 
Miocene, (Eningen. 
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of the Antwerp Crag before mentioned (p. 1S5), and contain 
shells of the genera Oliva , Conus , Ancillaria , Pleurotoma , and 
Cancellaria in abundance. The most Fig. 149 . 

common shell is an Olive (fig. 149), called a# $ 

by Nyst Oliva Dufresnii ; and constitut- 

ing, as M. Bosquet observes, a smaller JHB ■ 

and shorter variety of the Bordeaux || 

So far as the shells of the Bolderberg 'SaK \Msrn 
are known, the proportion of recent species 

agrees with that in the faluns of Touraine, ^BoideKg?” Bclg? aSt , 
and the climate must have been warmer natural size, a, front 
than that of the Coralline Crag of England. V1CW ’ b ’ back view ‘ 

Vpper Miocene beds of tlie Vienna basin. — In South 
Germany the general resemblance of the shells of the Vienna 
tertiary basin to those of the faluns of Touraine has long been 
acknowledged. In the late Dr. Homes’ excellent work on 
the fossil inollusca of that formation, we see accurate figures of 
many sheUs, clearly of the same species as those found in the 
falunian sands of Touraine. 

According to Professor Suess, the most ancient and purely 
marine of the Miocene strata in this basin consist of sands, 


conglomerates, limestones, and clays, and they are inclined 
inwards, or from the borders of the trough towards the centre, 
their outcropping edges rising much higher than the newer 
beds, whether Miocene or Pliocene, which overlie them, and 
which occupy a smaller area at an inferior elevation abovo the 
sea. M. Hornes has described no less than 500 Bpecies of 
gasteropods, of which he identifies one-fifth with living species 


of the Mediterranean, Indian, or African seas, but the propor- 
tion of existing species among the lamellibranchiate bivalves 
exceeds this average. Among many univalves agreeing with 
those of Africa on the eastern side of the Atlantic are Cyprsea 
sanyui'i lolent a, Buccinum lyratum , and Oliva Jlammulata. In 
the lowest marine beds of the Vienna basin the remains of 


several mammalia have been found, and among them a species 
of Dinotherium , a Mastodon of the Trilophodon family, a Rhino- 
ceros (allied to B. megarhinus , Christol), also an animal of the 
hog tribe, Listriodon , Von Meyer, and a carnivorous animal of 
the canine family. The Helix tnronensis (fig. 38. p. 32), the most 
common land shell of the French faluns, accompanies the above 
land animals. In a higher member of the Vienna Miocene series 
are found Dinotherium giganteum (fig. 139, p. 193), Mastodon 
longirostris , Rhinoceros Be hleiermacheri, Acerotherium incisivum 9 
and Hippotherium graoile, all of them equally characteristic of an 
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Upper Miocene deposit occurring at Eppelsheim in Hesse Darm- 
stadt ; a locality also remarkable as having furnished in latitude 
49° 50' N. the bone of a large ape of the Gibbon kind, the most 
northerly example yet discovered of a quadrumanous animal. 

M. Alcide d’Orbigny has shown that the foraminifera of the 
Vienna basin differ alike from the Eocene and Pliocene species, 
and agree with those of the faluns, so far as the latter are 
known. Among the Vienna foraminifera the genus Amphiste- 
gina (fig. 150) is very characteristic, and is supposed by 
D’Archiac to take the same place among the 
Rhizopods of the Upper Miocene era which 
the Nummulites occupy in the Eocene 
period. 

The flora of the Vienna basin exhibits 
some species which have a general range 
through the whole Miocene period, such 
as Cinnamomum polymorphism (fig. 141), 
Amphistegina Hauerina , and G. Schcuclmri , also Planera Bichardi, 
S'rata* VUjnntf 11000116 -^ c k* Liquidamdtar europmvm (fig. 138, p. 

~ ' 191), Juglans bilinica, Cassia ambigua, and 

C. lignitum. Among the plants common to the Upper Miocene 
beds of (Eningon in Switzerland are Platanus aceroidcs (fig. 144, 
p. 203), Myrica vindobonensis , and others. 

Upper Miocene strata of Italy. — We are indebted to 
Signor Michelotti for a valuable work on the Miocene shells of 
Northern Italy. Those found in the hill called the Superga, 
near Turin, have long been known to correspond in age with 
the faluns of Touraine, and they contain so many species com- 
mon to the Upper Miocene strata of Bordeaux as to lead to the 
conclusion that there was a free communication between the 
northern part of the Mediterranean and the Bay of Biscay in 
the Upper Miocene period. In the hills of which the Superga 
forms part the Tertiary strata pass down into the Lower Miocene 
presently to be described (p. 227). 

Upper Miocene formations of Greece. — At Pikermi, near 
Athens, MM. Wagner and Roth have described a deposit in 
which they found the remains of the genera Mastodon , Dino- 
thcrium, Kipparion , two species of Giraffe, Antelope, and others, 
some living and some extinct. With them were also associated 
fossil bones of the Semnopithecus, showing that here, as in the 
South of France, the quadrumana were characteristic of this 
period. The whole fauna attests the former extension of a vast 
expanse of grassy plains where wo have now the broken and moun- 
tainous country of Greece ; plains, which were probably united 
with Asia Minor, spreading over the area where the deep Egean 


Fig. 150. 
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Sea and its numerous islands are now situated. We are indebted 
to M. Gaudry, who visited Pikermi, for a treatise on these 
fossil bones, showing how many data they contribute to the 
theory of a transition from the mammalia of the Upper Miocene 
through the Pliocene and Pleistocene forms to those of living 
genera and species. For example, he recognised an ape inter- 
mediate between the living genera Semnopithecus and Macacus ; 
a carnivore intermediate between the hyrena and the civet ; a 
pachyderm (Hipparion) intermediate between the Anchitherium 
and the horse ; and a ruminant intermediate between the goat 
and the antelope. One striking feature of the change of the 
fauna as contrasted with that of the Eocene era is the increased 
number of species of ruminants as compared to pachyderms. 
M. Gaudry considers the deposit at Pikermi as belonging to a 
somewhat newer part of the Upper Miocene than that of Eppels- 
heim above described. 1 

Upper Miocene of India. Siwalik. Bills. — The Siwalik 
Hills lie at the southern foot of the Himalayan chain, rising to 
the height of 2,000 and 3,000 feet. Between the Jumna and 
the Ganges they consist of inclined strata of sandstone, shingle, 
clay, and marl. We are indebted to the indefatigable researches 
of Dr. Falconer and Sir Proby Cautley, continued for 15 years, 
for the discovery in these marls and sandstones of a great 
variety of fossil mammalia and reptiles, together with many 
freshwater shells. Out of 15 species of shells of the genera 
jPaludina, Melania , Ampullar ia, and Unio, all are extinct or 
unknown species with the exception of 4, which are still 
inhabitants of Indian rivers. Such a proj^ortion of living to 
extinct mollusca agrees well with the usual character of an 
Upper Miocene or Falunian fauna, as observed in Touraine, or 
in the basin of Vienna and elsewhere. 

The genera of mammalia point in the same direction. One 
of them, of the genus Chalicotherium (or Anisodou of Lartct), is 
a pachyderm intermediate between the Rhinoceros and Anoplo- 
thcrej and characteristic of the Upper Miocene strata of Eppels- 
heim, and of the South of France. With it occurs also an 
extinct form of Hippopotamus , called Ilcxaprotodon , and a 
species of Hippothcrium and pig ; also two species of Mastodon , 
two of elephant, and three other elephantine proboscidians ; 
none of them agreeing with any fossil forms of Europe, and 
being intermediate between the genera Elephas and Mastodon, 
constituting the sub-genus Stcgodon of Falconer. With these 
are associated a monkey, allied to the Semnoptthccns cntdlns , 

1 Gaudry, Considerations sur les Mammifcres de l’Epoque Miocene, 1873. 
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now living in the Himalaya, and many ruminants. Amongst 
these laBt, besides the giraffe, camel, antelope, stag, and others, 
we find a remarkable new type, the Sivatherium , a gigantic 
four-homed ruminant allied to Antilocapra , the Prongbuck of 
North America. There are also new forms of carnivora, both 
feline and canine, the Machairodus among the former, also 
hyaenas, and a subursine form called the Hy&narctos, and a 
genus allied to the otter ( Enhydriodon ), of formidable size. 

The giraffe, camel, and a large ostrich may be cited as proofs 
that there were formerly extensive plains where now a steep 
chain of hills, with deep ravines, runs for many hundred miles 
east and west. Among the accompanying reptiles are several 
crocodiles, some of huge dimensions, and one not distinguish- 
able, says Dr. Falconer, from a species now living in the 
Ganges (0. Gangeticus ), and there is still another saurian which 
the same anatomist has identified with a species now inhabiting 
India. There was also an extinct species of tortoise of gigantic 
proportions ( Colossochelys Atlas), the curved shell of which was 
twelve feet three inches long and eight feet in diameter, the 
entire length of the animal being estimated at eighteen feet, 
and its probable height seven feet. 

Numerous fossils of the Siwalik type have also been found in 
Perim Island, in the Gulf of Cambay, and among these a species 
of Dinotherium , a genus so characteristic of the Upj)er Miocene 
period in Euro 2 >e. 

Older Pliocene and Miocene formations In the United 
States. — Between the Alleghany Mountains, formed of older 
rocks , and the Atlantic , there intervenes , in the United States , 
a low region occupied principally by beds of marl , clay , and 
sand, consisting of the cretaceous and tertiary formations, and 
chiefly of the latter. The general elevation of this plain bor- 
dering the Atlantic does not exceed 100 feet, although it is 
sometimes several hundred feet high. Its width in the Middle 
and Southern States is very commonly from 100 to 150 miles. 
It consists, in the South, as in Georgia, Alabama, and South 
Carolina, almost exclusively of Eocene depo'sits ; but in North 
Carolina, Maryland, Virginia, and Delaware more modern strata 
predominate, of the age of the English Crag and faluns of 
Touraine. 1 

In the Virginian sands, we find in groat abundance a species 
of Astarte (A. undulata , Conrad), which resembles closely, and 
may possibly be a variety of, one of the commonest fossils of the 
Suffolk Crag ( A . Omalii) ; the other shells also, of the genera 

1 Proceed, of the Geol. Soc., vol. iv. pt. 3, 1845, p. 547. 
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Natica , Fissurella, Artemis , Lucina , Chama, Pectunculus , and 
Pecten, are analogous to shells both of the English Crag and 
French faluns, although the sj^ecies are almost all distinct. Out 
of 147 of these American fossils I could only find thirteon species 


Fig. 151. Fig. 152. 



Fulffur Ccinahciilcitux. Maryland. Fusus qaadricostati/s, Say. Maryland. 

common to Europe, and these occur partly in the Suffolk Crag, 
and partly in the faluns of Touraine ; but it is an important 
characteristic of the American group, that it not only contains 
many peculiar extinct forms, such as Fusus quad ri costatus, Say 
(see fig. 152 ), and Venus tridacnoidcs , abundant in these same 
formations, but also some shells which, like Fulgur Carica of 
Say and F. canalicnlatus (see fig. 151), Calyptroca costata, Venus 
mercenaria, Lam., Modiola glandtda, Totten, and Pecten magcl- 
l aniens, Lam., are recent species, yet of forms now confined to 
the Western side of the Atlantic — 
a fact implying that some traces 
of the beginning of the present 
geographical distribution of mol- 
lusca date back to a period as 
remote as that of the Miocene 
strata. 

Of ten species of corals which I 
procured on the banks of the J ames 
River, one agrees generically with 
a coral now living on the coast of 
the United States. Mr. Lonsdale 
regarded these corals as indicating 
a temperature exceeding that of the Mediterranean, and the 
shells would lead to similar conclusions. Those occurring on 
the James River are in the 37th degree of N. latitude, while 


Fig. 153. 



A&frangia lineata , Lonsdale. 
Syii. Anthoplnillum h'neatum. 
"Williamsburg, Virginia. 
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the French faluns are in the 47th ; yet the forms of the 
American fossils would scarcely imply so warm a climate as 
must have prevailed in France when the Miocene strata of 
Touraine originated. 

Among the remains of fish in these post-Eocene strata of the 
United States are several large teeth of the shark family, not 
distinguishable specifically from fossils of the faluns of Tou- 
raine. 
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CHAPTER XV. 

LOWER MIOCENE . 1 

Lower Miocene strata of France — Line between Miocene and Eocene — 
Lacustrine strata of Auvergne — Fossil mammalia of the Limagne d’Au- 
vergne — Lower Molasse of Switzerland — Dense conglomerates and proofs 
of subsidence — Flora of the Lower Molasse — American character of the 
Flora — Theory of a Miocene Atlantis — Lower Miocene of Belgium — 
liupelian clay of Ilermsdorf near Berlin — Mayence Basin — Lower Miocene 
of Croatia — Oligocene strata of Beyrieh — Lower Miocene of Italy — 
Lower Miocene of England — Hempstead beds — Iiovey Tracy lignites in 
Devonshire — Isle of Mull leaf-beds — Arctic Miocene Flora — Disco Island 
— Lower Miocene of United States — Fossils of Nebraska. 

Boundary line between Miocene and Eocene formations. — 

Tlio marine faluiis of the valley of the Loire have been already 
described as resting in some places on a freshwater tertiary 
limestone, fragments of which have been broken ofi’ and rolled 
on the shores and in the bed of the Upper Miocene sea. Such 
pebbles are frequent at Pontlevoy on the Cher, with hollows 
drilled in them in which the perforating marine shells of the 
Falunian period still remain. Such a mode of superposition 
implies an interval of time between the origin of the freshwater 
limestone and its submergence beneath the waters of the Upper 
Miocene sea. The limestone in question forms a part of the 
formation called the Calcaire de la Beauce, which constitutes a 
large tableland between the basins of the Loire and the Seine. 
It is associated with marls and other deposits, such as may have 
been formed in marshes and shallow lakes in the newest part 
of a great delta. Beds of flint, continuous or in nodules, accu- 
mulated in these lakes, and aquatic plants, called Charse, left 
their stems and seed-vessels imbeddod both in the marl and 
flint, together with freshwater and land shells. Some of the 
siliceous rocks of this formation are used extensively for mill- 
stones. The flat summits or platforms of the hills round Paris, 
and large areas in the forest of Fontainebleau, as well as the 
Plateau de la Beauce, already alluded to, are chiefly composed 
of those freshwater strata. Next to these in the descending 
order are marine sands and sandstone, commonly called the Grbs 
de Fontainebleau, from which a considerable number of shells, 
1 Oligocene of Beyrieh. 
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very distinct from those of tlio faluns, have been obtained at 
JEtampes, south of Paris, and at Montmartre and other hills in 
Paris itself, or in its suburbs. At the bottom of these sands a 
green clay occurs, containing a small oyster, Ostrea cyathula , 
Lam., which, although of slight thickness, is spread over a wide 
area. This clay rests immediately on the Paris gypsum, or that 
series of beds of gypsum and gypseous marl from which Cuvier 
first obtained several species of Paleotherium and other extinct 
mammalia. 1 

At this junction of the clay and the gypsum the majority of 
French geologists have always drawn the line between the 
Middle and Lower Tertiary, or between the Miocene and 
Eocene formations, regarding the Fontainebleau sands and the 
Ostrea cyathula clay as the base of the Miocene, and the gypsum 
with its mammalia as the top of the Eocene group. I formerly 
dissented from this division, but 1 now find that I must admit it 
to be the only one which will agree with the distribution of the 
Miocene mammalia, while even the mollusca of the Fontaine- 
bleau sands, which were formerly supposed to present a pre- 
ponderance of affinities to an Eocene fauna, have since been 
shown to agree more closely with the fossils of certain deposits 
always regarded as Middle Tertiary at Mayence and in Belgium. 
In fact we are now arriving at that stage of progress when the 
line, wherever it be drawn between Miocene and Eocene, will 
be an arbitrary one, or one of mere convenience, as I shall have 
an opjmrtunity of showing when the Upper Eocene formations 
in the Isle of Wight are described in the sixteenth chapter. 

Slower Miocene of Central France. — Lacustrine strata, 
belonging, for the most part, to the same Miocene system as 
the Calcaire de la Beauce, are again met with further south in 
Auvergne, Cantal, and Velay. They appear to be the monu- 
ments of ancient lakes, which, like some of those now existing 
in Switzerland, once occupied the depressions in a mountainous 
region, and have been each fed by one or more rivers and tor- 
rents. The country where they occur is abnost entirely com- 
posed of granite and different varieties of granitic schist, with, 
here and there a few patches of Secondary strata, much dislo- 
cated, and which have suffered great denudation. There are 
also some vast piles of volcanic matter, the greater part of which 
is newer than the froshwater strata, and is sometimes seen to 
rest upon them, while a small part has evidently been of con- 
temporaneous origin. Of these igneous rocks I shall treat more 
particularly in the sequel. 


i Bulletin, 1850, Journ. vol. xii. p. 7G8. 
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The study of these regions possesses a peculiar interest, very 
distinct in kind from that derivable from the investigation 
either of the Parisian or English tertiary areas. For we are 
presented in Auvergne witli the evidence of a series of events 
of astonishing magnitude and grandeur, by which the original 
form and features of the country have been greatly changed, 
yet never so far obliterated but that they may still, in part at 
least, be restored in imagination. Great lakes have disappeared 
— lofty mountains have been formed by the reiterated emission 
of lava, preceded and followed by showers of sand and scorite — 
deep valleys have been subsequently furrowed out through 
masses of lacustrine and volcanic origin — at a still later date, 
new cones have been thrown up in these valleys — new lakes 
have been formed by the damming up of rivers — and more 
than one assemblage of quadrupeds, birds, and plants, Eocene, 
Miocene, and Pliocene, have followed in succession ; yet the 
region has preserved from first to last its geographical identity ; 
and we can still recall to our thoughts its external condition 
and physical structure before these wonderful vicissitudes 
began, or while a part only of the whole had been completed. 
There was first a period when tho spacious lakes, of whicli we 
still may trace the boundaries, lay at the foot of mountains, of 
moderate elevation, unbroken by the bold peaks and precipices 
of Mont Dore, and unadorned by the picturesque outline of the 
Puy de Dome, or of the volcanic cones and craters now covering 
the granitic platform. During this earlier scene of repose 
deltas were slowly formed ; beds of marl and sand, several 
hundred feet thick, deposited ; siliceous and calcareous rocks 
precipitated from the waters of mineral springs ; shells and 
insects imbedded together with the remains of the crocodile 
and tortoise, the eggs and bones of water-birds, and the skele- 
tons of quadrupeds, most of them of genera and species charac- 
teristic of the Miocene 'period. To this tranquil condition of 
the surface succeeded the era of volcanic eruptions, when the 
lakes were drained, and when the fertility of the mountainous 
district was probably enhanced by the igneous matter ejected 
from below, and poured down upon the more sterile granite. 
During these eruptions, which aj^pear to have taken place 
towards the close of the Miocene epoch, and which continued 
during the Pliocene, various assemblages of quadrupeds succes- 
sively inhabited the district, amongst which are found the 
genera mastodon, rhinoceros, elephant, tapir, hippopotamus, 
together with the ox, various kinds of deer, the bear, hyaena, 
and many beasts of prey which ranged the forest, or pastured 
on the plain, and were occasionally overtaken by a fall of 
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burning cinders, or buried in flows of mud, such as accompany 
volcanic eruptions. Lastly, these quadrupeds became extinct, 
and gave place in their turn to the species now existing. There 
are no signs, during the whole time required for this series of 
events, of the sea having intervened, nor of any denudation 
which may not have been accomplished by currents in the dif- 
ferent lakes, or by rivers and floods accompanying repeated 
earthquakes, or subterranean movements, during which the 
levels of the district have in some places been materially modi- 
fied, and perhaps the whole upraised relatively to the surround- 
ing parts of France. 

Auvergne . — The most northern of the freshwater groups is 
situated in the valley plain of the Allier, which lies within the 
department of the Puy de Dome, being the tract which went 
formerly by the name of the Limagne d’ Auvergne. The average 
breadth of this tract is about twenty miles ; and it is for the 
most part composed of nearly horizontal strata of sand, sand- 
stone, calcareous marl, clay, and limestone, none of which 
observe a fixed and invariable order of superposition. The 
ancient borders of the lake, wherein the freshwater strata were 
accumulated, may generally be traced with precision, the 
granite and other ancient rocks rising up boldly from the level 
country. The actual junction, however, of the lacustrine beds 
and the granite is rarely seen, as a small valley usually inter- 
venes between them. The freshwater strata may sometimes be 
seen to retain their horizontality within a very slight distance 
of the border-rocks, while in some places they are inclined, and 
in a few instances vertical. The principal divisions into which 
the lacustrine series may be separated are the following : — 1st, 
Sandstone, grit, and conglomerate, including red marl and red 
sandstone ; *2ndly, Green and white foliated marls ; 3rdly, Lime- 
stone, or travertin, often oolitic in structure ; 4thly, Gypseous 
marls. 

The relations of these different groups cannot be learnt by 
the study of any one section ; and the geologist who sets out 
with the expectation of finding a fixed order of succession may 
perhaps complain that the different parts of the basin give con- 
tradictory results. The arenaceous division, the marls, and the 
limestone may all be seen in some places to alternate with each 
other ; yet it can by no means be affirmed that there is no order 
of arrangement. The sands, sandstone, and conglomerate con- 
stitute in general a littoral group ; the foliated white and green 
marl, a contemporaneous central deposit more than 700 feet 
thick, and thinly foliated, a character which often arises from 
the innumerable thin shells or carapace valves shed by the small 



ch. xv.] LOWER MIOCENE STRATA, AUVERGNE. 217 


crustacean called Cypris in the ancient lakes of Auvergne ; and 
lastly the limestone is for the most part subordinate to the newer 
portions of both the above formations. ^ 

It seems that, when the ancient lake of the Limagne first 
began to be filled with sediment, no volcanic action had yet 
produced lava and scoriae on any part of the surface of Auvergne. 
No pebbles, therefore, of lava were transported into the lake— 
no fragments of volcanic rocks embedded in the conglomerate. 
But at a later period, when a considerable thickness of sand- 
stone and marl had accumulated, eruptions broke out, and larva 
and tuff were deposited, at some spots, alternately with the la- 
custrine strata. It is not improbable that both cold and hot 
springs, holding different mineral ingredients in solution, 
became more numerous during the successive convulsions at- 
tending this development of volcanic agency, and thus deposits 
of carbonate and sulphate of lime, silex, and other minerals 
were produced. Hence these minerals predominate in the 
uppermost strata. The subterranean movements may then have 
continued until they altered the relative levels of the country, 
and caused the waters of the lakes to be drained off, and the 
farther accumulation of regular freshwater strata to cease. 

Lower Miocene mammalia of the Limagne. — It is 
scarcely possible to determine the age of the oldest part of the 
freshwater series of the Limagne, large masses both of the sandy 
and marly strata being devoid of fossils. Some of the lowest 
beds may be of Upper Eocene date, although, according to M. 
Pomel, only one bone of a Palivotherium has been discovered in 
Auvergne. But in Velay, in strata containing some species of 
fossil mammalia common to the Limagne, no less than four 
species of Palseothere have been found by M. Aymard, and one 
of these is generally supposed to be identical with Pal&otherinm 
magnum , an undoubted Upper Eocene fossil, of the Paris 
gypsum, the other three being peculiar. 

Not a few of the other mammalia of the Limagne belong un- 
doubtedly to genera and species elsewhere proper to the Lower 
Miocene. Thus, for example, the Cainotherium of Bravard, a 
genus not far removed from the Anoplotherium, is represented 
by several species, one of which, as I learn from Mr. Waterhouse, 
agrees with Microtherium Benggeri of the Mayence basin. In 
like manner the Amphitragulus elegans of Pomel, an Auvergne 
fossil, is identified by Waterhouse with Dorcatherinm nanum of 
Kaup, a Rhenish species from Weissenau, near Mayence. A 
small species also of rodent, of the genus Titanomys of H. von 
Meyer, is common to the Lower Miocene of Mayence and the 
Limagne d’ Auvergne, and there are many other points of agree- 
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ment which the discordance of nomenclature tends to conceal. 
A remarkable carnivorous genus, the Hysenodon of Laizer, is 
represented by more than one species. The same genus has also 
been found in tho Upper Eocene marls of Hordwell Cliff, 
Hampshire, just below the level of the Bembridge Limestone, 
and therefore a formation older than the Gypsum of Paris. 
Several species of opossum ( Didelphis ) are met with in the same 
strata of the Limagne. The total number of mammalia enu- 
merated by M. Pomel as appertaining to the Lower Miocene 
fauna of tho Limagne and Ve'lay, falls little short of a hundred, 
and with them are associated some large crocodiles and tortoises, 
and some Ophidian and Batrachian reptiles. The birds of 
the Limagne and those of the Mayence basin are, according 
to Mr. Milne Edwards, almost identical. Among these, in the 
Limagne, are extinct species of duck, stork, and many of the 
swallow tribe. 

lower Molasse of Switzerland. — The two upper divisions 
of the Swiss Molasse — the one freshwater, the other marine — 
have already been described in the preceding chapter. I shall now 
proceed to treat of the third division, wliicli is of Lower Miocene 
age. Nearly the whole of this Lower Molasse is freshwater ; 
yet some of the inferior beds contain a mixture of marine and 
fluviatile shells, the Ccrithium margaritciceum , a well-known 
Lower Miocene fossil, being one of the marine species. Not- 
withstanding, therefore, that some of these Lower Miocene 
strata consist of old shingle beds several thousand feet in 
thickness, as in the Rigi near Lucerne, and in the Speer near 
Wesen, mountains 5,000 and 7,000 feet above the sea, the de- 
position of the whole series must have begun at or below the sea- 
level. 

The conglomerates, as might be expected, are often very 
unequal in thickness, in closely adjoining districts, since in a 
littoral formation accumulations of pebbles would swell out 
in certain places where rivers entered the sea, and would thin 
out to comparatively small dimensions where no streams, or only 
small ones, came down to the coast. For ages, in spite of a 
gradual depression of the land and adjacent sea-bottom, the 
rivers continued to cover the sinking area with their deltas ; 
until finally, the subsidence being in excess, the sea of the 
Middle Molasse gained upon the land, and marine beds were 
thrown down over tho dense mass of freshwater and brackish- 
water deposit, called the Lower Molasse, which had previously 
accumulated. 

Flora of the Lower Molasse. — In part of the Swiss Molasse 
which belongs exclusively to the Lower Miocene Period, the 
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number of plants has been estimated at more than 500 species, 
somewhat exceeding those which were before enumerated as 
occurring in the two upper divisions. The Swiss Lower Miocene 
may best be studied on the northern borders of the Lake of 
Geneva between Lausanne and Vevay, where the contiguous 
villages of Monod and Rivaz are situated. The strata there, 
which I have myself examined, consist of alternations of con- 
glomerate, sandstone, and finely laminated marls with fossil 
plants. A small stream falls in a succession of cascades over 
the harder beds of pudding-stone, which resist, while the sand- 
stone and plant-bearing shales and marls give way. From the 
latter no less than 193 species of plants havo been obtained by 
the exertions of MM. Heerand Gaudin, and they are considered 
to afford a true type of the vegetation of the Lower Miocene 
formations of Switzerland — a vegetation departing farther in its 
character from that now flourishing in Europe than any of the 
higher members of the series before alluded to, and yet dis- 
playing so much affinity to the flora of CEningen as to make it 
natural for the botanist to refer the whole to one and the same 
Miocene jjeriod. There are, indeed, no less than 81 species of 
these Older Miocene plants which pass up into the flora of 
GEningen. 

This fact is important as bearing on the propriety of classify- 
ing the Lower Molasse of Switzerland as belonging to the Miocene 
rather than to the latter part of the Eocene period. There are, 
indeed, so many types among the fossils both specific and generic 
which have a wide range through the wliolo of the Molasse, that 
a unity of character is thereby stamped on the whole flora, in 
spite of the contrast between the plants of the uppermost and 
lowest formations, or between GEningen and Monod. The proofs 
of a warmer climate and the excess of arborescent over herba- 
ceous plants and of evergreen trees over deciduous species, are 
characters common to the whole flora, but which are intensified 
as we descend to the inferior deposits. 

Nearly all the plants at Monod arc contained in three layers 
of marl separated by two of soft sandstone. The thickness of 
the marls is ten feet, and vegetable matter predominates so 
much in some layers as to form an imperfect lignite. One bed 
is filled with large leaves of a species of fig {Ficus popnlina ), and 
of a hornbeam ( Carpinus grandis ), the strength of the wind 
having probably been great when they were blown into the lake ; 
whereas another contiguous layer contains almost exclusively 
smaller leaves, indicating, apparently, a diminished strength in 
the wind. Some of the upper beds at Monod abound in leaves 
of Proteacese, Cyperaceee, and ferns, while in some of the lower 
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ones Sequoia, Cinnamomum , and Sparganium are common. In 
one bed of sandstone the trunk of a large palm tree was found 

unaccompanied by other fossils, 
and near Vevay, in the same 
series or Lower Miocene strata, 
the leaves of a fan-palm of the 
genus Sabal (fig. 154), a genus 
now proper to North America, 
were obtained. 

Among other genera of the 
same class is a Flabellaria occur- 
ring near Lausanne, and a mag- 
nificent Phoenicites allied to the 
date-palm. When these plants 
flourished the climate must 
i major , TJngor sp. Vevay, Lower have been much hotter than now. 

Miocene. (Hcer, pi. 4i.) The Alps were no doubt much 

lower, and the palms now found fossil in strata elevated 2,000 
feet above the sea grew nearly at the sea-level, as is demon- 
strated by the brackish- water character of some of the beds into 
which they were carried by winds or rivers from the adjoining 
coast. 

In the same plant-bearing deposits of the Lower Molasse 
in Switzerland leaves have been found which have been ascribed 
to the order Proteacem already spoken of as well represented in 
the CEningen beds (see p. 203). The Proteas and other plants 
of this family now flourish at the Cape of Good Hope ; while the 
Banksias, and a set of genera distinct from those of Africa, grow 
most luxuriantly in the southern and temperate parts of Aus- 
tralia. They were probably inhabitants, says Heer, of dry hilly 
ground ; and the stiff leathery character of their leaves must liavo 
been favourable to their preservation, allowing them to float on a 
river for great distances without being injured and then to sink, 
when water-logged, to the bottom. It has been objected that 
the fruit of the Proteacese is of so tough and enduring a texture 
that it ought to have been more commonly met with ; but in the 
first place we must not forget the numerous cones found in the 
Eocene strata of Sheppey, which all admit to be proteaceous and 
to belong to at least two species (see p. 248). Secondly, besides 
the fruit of Hakea before mentioned (p. 204), Heer found asso- 
ciated with fossil leaves, having the exact form and nervation of 
Banksia, fruit precisely such as may have come from a cone of 
that plant, and lately he has received another similar fruit 
from the Lower Miocene strata of Lucerne. They may have 
fallen out of a decayed cone in the same way as often happens 



ch. xv.] LOWER MOLASSE OF SWITZERLAND. 


221 


to tho seeds of the spruce fir, Finns abies , found scattered 
over the ground in our woods. It is a known fact that 


Fig. 155. 

a i 



a. Frnit of a fossil Banksln. 
t>. Leaf of Banksia Deekiana. 



Sequoia Langsrtorfii. Ad. Brong, ^ natura 
size. Rivaz, near Lausanne. (Hoer, PI. 21, 
fig. 4.) Upper and Lower Miocene and 
Lower Pliocene, Yal d’Arno. 

a. Branch with leaves. 6. Young cone. 


among the living Proteacem the cones are very firmly at- 
tached to the branches, so that the seeds drop out without tho 
cone itself falling to the ground ; and this may perhajis be the 


Fig. 157. 



Lastraa stiriaca , Ung. (Heer’s Flora, PI. 143, 
fig. 8.) 

Natural size. Lower and Upper Miocene, 
Switzerland. 

а. Specimen from Monod, showing the position of 

the sori on the middlo of the tertiary nerves. 

б. More common appearance, where the sori re- 

main and the nerves are obliterated. 


Fig. 158. 



Cinnamomum Rossmassleri, Hoer. 
Daphnogene cinnamomifoUa , Un- 
ger. Upper and Lower Miocene 
Switzerland and Germany. 


reason why, in some instances in which fossil seeds have been 
found, no traces of the cone have been observed. 
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Among the Coniferse the Sequoia (fig. 156) is common at 
Rivaz, and is one of the. most universal plants in the Lowest 
Miocene of Switzerland, while it also characterises the Miocene 
Brown Coals of Germany and certain beds of the Yal d’Amo, 
which I have called Older Pliocene, p. 189. 

Among the ferns met with in profusion at Monod is the 
Lastraea stiriaca , Unger, which has a wide range in the Miocene 
period from strata of the age of CEningen to the lowest part of 
the Swiss molasse. In some specimens, as shown in figure 157, 
the fructification is distinctly seen. 

Among the laurels several species of Cinnamomnm are very 
conspicuous. Besides C. polynwrphum, before figured, p. 201, 
another species also ranges from the Lower to the Upper 
Molasse of Switzerland, and is very characteristic of different 
deposits of Brown Coal in Germany. It has been called Cinna- 
momnm Hossmusderi by Heer (see fig. 158). The leaves are 
easily recognised as having two side veins, which run up un- 
interruptedly to their point. 

American character of the flora. — If we consider not merely 
the number of species but those plants which constitute the 
mass of the Lower Miocene vegetation, we find the European 
part of the fossil flora very much less prominent than in the 
(Eningcn beds, while the foreground is occupied by American 
forms, by evergreen oaks, maples, poplars, planes, Liquidambar, 
Bobinia, Sequoia, Taxodiuin, and ternate-leaved pines. There 
is also a much greater fusion of the characters now belonging to 
distinct botanical provinces than in the Upper Miocene flora, 
and we shall find this fusion still more strikingly exemplified as 
we go back to the antecedent Eocene and Cretaceous periods. 

Professor Heer has advocated the doctrine, first advanced by 
Unger to explain the large number of American genera in the 
Miocene flora of Europe, that the present basin of the Atlantic 
was occupied by land over which the Miocene flora could pass 
freely. But other able botanists have shown that it is far more 
probable that the American plants came from the east and not 
from the west, and, instead of reaching Europe by the shortest 
route over an imaginary Atlantis, migrated in an opposite direc- 
tion crossing the whole of Asia. 

Arctie Miocene Flora. — But when we indulge in speculations 
as to the geographical origin of the Miocene plants of Central 
Europe, we must take into account the discoveries recently made 
of a rich terrestrial flora having flourished in the Arctic regions 
in the htiocene period from which many species may have mi- 
grated from a common centre so as to reach the present conti- 
nents of Europe, Asia, and America, Professor Heer has 
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examined the various collections of fossil plants that have been 
obtained in H. Greenland (lat. 70°), Iceland, Spitzbergen, and 
other parts of the Arctic regions, and has determined that they 
are of Miocene age and indicate a temperate climate. 1 Includ- 
ing the collections recently brought from Greenland by Mr. 
Whymper, the Arctic Miocene flora now comprises 194 species, 
and that of Greenland 137 species, of which 46, or exactly one- 
third, are identical with plants found in the Miocene beds of 
Central Europe. Considerably more than half the number are 
trees, which is the more remarkable since at the present day 
trees do not exist in any part of Greenland even 10° farther 
south. 

More than 30 species of Conife rae have been found, including - 
several Sequoias (allied to the gigantic Wellingtonia of 
California), with species of Tliujopsis and Salisburia now pecu- 
liar to Japan. There are also beeches, oaks, planes, poplars, 
maples, walnuts, limes, and even a magnolia, two cones of which 
have recently been obtained, proving that this splendid tree not 
only lived but ripened its fruit within the Arctic circle. Many 
of the limes, planes, and oaks were large-leaved species, and 
both flowers and fruit, besides immense quantities of leaves, are 
in many cases preserved. Among the shrubs were many ever- 
greens, as Andromeda, and two extinct genera, Daphnogcne and 
M‘ Clintochia, with fine leathery leaves, together with hazel, 
blackthorn, holly, logwood, and hawthorn. Potomogeton , 

Sparganium, and Menyanthcs grew in the swamps, while ivy 
and vines twined around the forest trees, and broad-leaved ferns 
grew beneath their shade. Even in Spitzbergen, as far north as 
lat. 78° 56', no less than 131 species of fossil plants have been 
obtained, including Taxodium of two species, hazel, poplar, 
alder, beech, plane-tree, and lime. 2 Such a vigorous growth of 
trees within 12° of the pole, where now a dwarf willow and a 
few herbaceous plants form the only vegetation, and where the 
ground is covered with almost perpetual snow and ice, is truly 
remarkable. 

The identity of so many of the fossils with Miocene species of 
Central Europe and Italy not only proves that the climate of 
Greenland was much warmer than it is now, but also rendersit 
probable that a much more uniform climate prevailed over the 
entire northern hemisphere. This is also indicated by the 
whole character of the Upper Miocene Flora of Central Europe, 
which does not necessitate a mean temperature very much 
greater than exists at present, if we suppose such absence of 

1 Heer, 4 Flora Fossilis Arctica,’ and 4 Fossil-Flora von Alaska,’ 18G9. 

8 Heer, 4 Miocene Flora and Fauna of Spitzbergen.’ Stockholm, 1870. 
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winter cold as is proper to insular climates. Professor Heer 
believes that the mean temperature of North Greenland 
must have been at least 30° higher than at present, while an 
addition of 10° to the mean temperature of Central Europe 
would probably be as much as was required. The chief locality 
where this wonderful flora is preserved is at Atanekerdluk in 
North Greenland (lat. 70°), on a hill at an elevation of about 
1,200 feet above the sea. There is here a considerable succes- 
sion of sedimentary strata pierced by volcanic rocks. Fossil 
plants occur in all the beds ; and the erect trunks as thick as a 
man’s body which are sometimes found, together with the abun- 
dance of specimens of flowers and fruit in good preservation, 
sufficiently prove that the plants grew where they are now 
found. At Disco island and other localities on the same part of 
the coast, good tertiary coal is abundant, interstratified with 
beds of sandstone in some of which fossil plants have also been 
found, similar to those at Atanekerdluk . 

lower Miocene, Belgium. — The upper Miocene Bolder- 
berg beds, mentioned at p. 200, rest on a Lower Miocene for- 
mation called the ltupelian of Dumont. This formation is best 
seen at the villages of Bupelmonde and Boom, ten miles south 
of Antwerp, on the banks of the Scheldt, and near the junction 
with it of a small stream called the Rupel. A stiff clay abound- 
ing in fossils is extensively worked at the above localities for 
making tiles. It attains a thickness of about 100 feet, and, 
though very different in age, much resembles in mineral cha- 
racter the ‘London Clay,’ containing, like it, septaria or con- 
cretions of .argillaceous limestone traversed by cracks in the 
interior, which are filled with calc-spar. The shells, referable 
to about forty species, have been described by MM. Nyst and 
De Koninck. Among them Lcda (or Nucula) TJeshaycsiana (see 
fig. 150) is by far the most abundant ; a fossil unknown as yet 


Fig. loo. 



Ledct ( Nucula ) Deshayesiana, Nyst, 


in the English tertiary strata, but when young much resembling 
Leda amygdaloides of the London Clay proper (see fig. 216, 
p. 249). Among other characteristic shells are Pecten Hcening- 
hausii , and a species of Cassidaria , and several of the genus 
Pleurotoma. Not a few of these testacea agree with English 
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Eocene species, such as Actseon simulatus , Sow., Canccllaria 
evulsa , Brander, Corbula pisum (fig. 161), and Nautilus ( Aturid ) 
ziczac. They are accompanied by many teeth of sharks, as 
Larmia contortidens, Ag., Oxyrhina xipliodon , Ag., Garcharodon 
angustidens (see fig. 199, p. 245), Ag., and other fish, some of 
them common to the Middle Eocene strata. 

Kleyn Spaiven beds. — The succession of the Lower Miocene 
strata of Belgium can be best studied in the environs of Kleyn 
Spawen, a village situated about seven miles west of Maestricht, 
in the old province of Limburg, in Belgium. In that region, 
about 200 species of testacea, marine and freshwater, have been 
obtained, with many f oraminifera and remains of fish. In none 
of the Belgian Lower Miocene strata could I find any nummu- 
lites ; and M. d’Archiac had previously observed that these 
f oraminifera characterise his 1 Lower Tertiary Series,’ as con- 
trasted with the Middle, and they therefore serve as a good test 
of age between Eocene and Miocene, at least in Belgium and the 
North of France. 1 Between the Bolderberg beds and the 
Rupelian clay there is a great gap in Belgium, which seems, 
according to M. Beyrich, to be filled up in the North of Ger- 
many by what he calls the Sternberg beds, and which, had 
Dumont found them in Belgium, he might probably have 
termed Upper Rupelian. 

Lower Miocene of Germany. — -1 Rupelian Clay of Ilermsdorf, 
near Berlin. — Professor Beyrich has described a mass of clay, 
used for making tiles, within seven miles of tho gates of Berlin, 
near the village of Hermsdorf, rising up from beneath the sands 
with which that country is chiefly overspread. This clay is 
more than forty feet thick, of a dark bluish-grey colour, and, 
like that of Rupelmonde, contains septaria. Among other shells, 
the Leda Deshayesiana , before mentioned (fig. 159), abounds, 
together with many species of Pleurotoma, Voluta , &c., a certain 
proportion of the fossils being identical in species with those of 
Rupelmonde. 

Mayence basin. — An elaborate description has been published 
by Dr. F. Sandberger of the Mayence tertiary area, which 
occupies a tract from five to twelve miles in breadth, extending 
for a great distance along the left bank of the Rhine from 
Mayence to the neighbourhood of Manheim, and which is also 
found to the east, north, and south-west of Frankfort. M. de 
Koninck, of Li£ge, first pointed out to me that the purely 
marine portion of the deposit contained many species of shells 
common to the Kleyn Spawen beds, and to the clay of Rupel- 
monde, near Antwerp. Among theso he mentioned Cassidaria 

1 D’Archiac, Monogr., pp. 79, 100, 



226 


LOWER MIOCENE OF CROATIA. 


[CH. XV. 


deprc&sa, Tritonium arguUim, Brander (T. flandricum , De 
Koninck), Tornatclla simulata , Aporrhais Sowerbyi , Leda De~ 
shayesicMia (fig. 159), Corbula pisnm (fig. 101, p. 228), and others. 

Xaower Miocene beds of Croatia. — The Brown Coal of 
Radaboj, near Agram, in Croatia, not far from the borders of 
Styria, is covered, says Yon Buch, by beds containing the 
marine shells of the Yienna basin, or, in other words, by Upper 
Miocene or Falunian strata. They appear to correspond in 
age to the Mayence basin, or to the Rupelian strata of Belgium. 
They have yielded more than 200 species of fossil plants, de- 
scribed by the late Professor Unger. These plants are well 
preserved in a hard marlstone, and contain several palms ; 
among them the Sabal (fig. 154, p. 220), and another genus 
allied to the date-palm, Phoenicites spectabilis. The only abun- 
dant plant among the Radaboj fossils which is characteristic of 
the Upper Miocene period is the Populus mntabilis , whereas no 
less than fifty of the Radaboj species are common to the more 
ancient flora of the Lower Molasse of Switzerland. 

The insect fauna is very rich, and, like the plants, indicates a 
more tropical climate than do the fossils of (Eningen presently 
to be mentioned. There are ten species of Termites, or white 
ants, some of gigantic size, and large dragon-flies with speckled 
wings, like those of the Southern States in North America ; 
there are also grasshoppers of considerable size, and even the 
Lepidoptera are not unrepresented. In one instance, the pat- 


Fig. 1G0. 



Vanessa Pluto ; nat. size. Lower Miocene, Radaboj, Croatia. 


tern of a butterfly’s wing has escaped obliteration in the marl* 
stone of Radaboj ; and when we reflect on the remoteness of 
the time from which it has been faithfully transmitted to us, 
this fact may inspire the reader with some confidence as to the 
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reliable nature of the characters which other insects of a more 
durable texture, such as the beetles, may afford for specific 
determination. The Vanessa (fig. 1G0) retains, says Heer, 
some of its colours, and corresponds with V. Hadena of 
India. 

Professor Beyrich has made known to us the existence of a 
long succession of marine strata in North Germany, which lead 
by an almost gradual transition from beds of Upper Miocene 
age to others of the age of the base of the Lower Miocene. 
Although some of the German lignites called Brown Coal 
belong to the upper parts of this series, the most important of 
them are of Lower Miocene date, as, for example, those of the 
Siebengebirge, near Bonn, which are associated with volcanic 
rocks. Professor Beyrich confines the term 4 Miocene ’ to those 
strata which agree in age with the faluns of Tourainc, and ho 
has proposed the term 4 Oligocene ’ for those older formations 
called Lower Miocene m this work. 

Eower Miocene of Italy. — In the hills of which the Superga 
forms a part (see above, p. 208) there is a great series of Tertiary 
strata which pass downwards into the Lower Miocene. Even 
in the Superga itself there are some fossil plants which, accord- 
ing to Heer, have never been found in Switzerland so high as 
the marine Molasse, such as Banksia longifolia, and Carpinus 
grandis. In several parts of the Ligurian Apennines, as at 
Dego and Carcare, the Lower Miocene appears, containing 
some nummulites, and at Cadibona, north of Savona, freshwater 
strata of the same age occur, with dense beds of lignite enclos- 
ing remains of the Anthracotherium mcujnum and A. minimum , 
besides other mammalia enumerated by Gastaldi. In these 
beds a great number of the Lower Miocene plants of Switzerland 
have been discovered. 

lower Miocene of England — Hempstead beds. — We have 
already stated that the Upper Miocene formation is nowhere 
represented in the British Isles ; but strata referable to the 
Lower Miocene period are found both in England, Scotland, 
and Ireland. In the Hampshire basin these occupy a very 
small superficial area, having been discovered by the late 
Edward Forbes at Hempstead near Yarmouth, in the northern 
part of the Isle of Wight, where they are 170 feet tliick, and 
rich in characteristic marine shells. They overlie the upper- 
most of an extensive series of Eocene deposits of marine, 
brackish, and freshwater formations, which rest on the Chalk 
and terminate upwards in strata corresponding in age to the 
Paris gypsum, and containing the same extinct genera of quad- 
rupeds, Pal&otherium , Anoplotherimn, and others which Cuvier 
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first described. The following is the succession of these Lower 
Miocene strata, most of them exposed in a cliff east of Yar- 
mouth. 

1. The uppermost or Corbula beds, consisting of marine 
sands and clays, contain Voluta Bathieri , a characteristic Lower 
Miocene shell ; Corbula pimm (fig. 101), a species common to the 
Upper Eocene clay of Barton ; Cyrena semistriata (fig. 102), 
several Cerithia , and other shells peculiar to this series. 



Corbula pisum. Hempstead Beds, 
Isle of Wight. 



Cyrena semistriata. 
Hempstead Beds. 


2. Next below are freshwater and estuary marls and carbon- 
aceous clays, in the brackish- water portion of which are found 
abundantly Ccrithium plicatum, Lam. (fig. 163), C. elegans (fig. 
164), and C. tricincium • also Rissoa Chastelii (fig. 165), a very 
common Kleyn Spawen shell, which occurs in each of the 
four subdivisions of the Hempstead series down to its base, 
where it passes into the Bembridge beds. In the freshwater 
portion of tho same beds Baludina lenta (fig. 100) occurs ; a 
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Ccrithium plicatum , 
Lam. Hempstead. 


Cerithium elegans. Rissoa Chastelii , Nyst, Paladina lenta. 

Hempstead. Sp. Hempstead, Isle Hempstead Bed. 

of Wight. 


shell identified by some conchologists with a species now living, 
P. unicolor ; also several species of Limnoeus , Planorbis , and 
TJnio. 

3. Tho next series, or middle freshwater and estuary marls, 
are distinguished by the presence of Melania fasciata, Baludina 
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lenta , and clays with Cypris ; the lowest bed contains Cyrena 
semistriata (fig. 162), mingled with Cerithia and a Fanopsea. 

4. The lower freshwater and estuary marls contain Melania 
costata, Sow., Melanopsis , &c. The bottom bed is carbonaceous, 
and called the ‘ Black band,’ in which Fissoa Chastelii (fig. 165), 
before alluded to is common. This bed contains a mixture of 
Hempstead shells with those of the underlying Upper Eocene 
or Bembridge series. The mammalia, among which is Hyopo - 
tamus bovinus , differ, so far as they are known, from those of 
the Bembridge beds. The Hyopotamus belongs to the hog 
tribe, or the same family as the Anthraeotherium, of which 
seven species, varying in size from the hippopotamus to the 
wild boar, have been found in Italy and other parts of Europe 
associated with the lignites of the Lower Miocene period. 

Among the plants, Professor Heer has recognised four species 
common to the lignite of Bovey Tracey (a Lower Miocene for- 
mation presently to be described) : namely Sequoia Couttsise, 
Heer ; Andromeda reticulata, Ettingsh. ; Nclu/mbium ( Nympheea ) 
Doris, Heer; and Carpolithes Webster i, Brong. 1 The seed- 
vessels of Chara medicaginula, Brong., and C. helicteres are 
characteristic of the Hempstead beds generally. 

Lignites and Clays of Bovey Tracey, Devonshire. — Sur- 
rounded by the granite and other rocks of the Dartmoor hill 
in Devonshire, is a formation of clay, sand, and lignite, long 
known to geologists as the Bovey Coal formation, respecting 
the age of which, until the year 1861, opinions were very 
unsettled. This deposit is situated at Bovey Tracey, a village 
distant eleven miles from Exeter in a south-west, and about as 
far from Torquay in a north-west, direction. The strata extend 
over a plain nine miles long, and they consist of the materials 
of decomposed and worn-down granite mixed with vegetable 
matter, and have evidently filled up an ancient hollow or lake- 
like expansion of the valleys of the Bovey and Teign. 

The lignite is of bad quality for economical purposes, having 
a great admixture of iron pyrites, and emitting a sulphurous 
odour ; it has, however, been successfully applied to the baking 
of pottery, for which some of the fine clays are well adapted. 
Mr. Pengelly has confirmed Sir H. De la Beche’s opinion that 
much of the upper portion of tliis old lacustrine formation has 
been removed by denudation. 2 

At the surface is a dense covering of white clay and gravel 
with angular stones probably of the Pleistocene period, for in 

1 Pengelly, preface to ‘The Lignite 2 Phil. Trans., 1863. Paper by 

Formation of Bovey Tracey/ p. xvii. : W. Pengelly, F.R.S., and Dr. Oswald 
London, 1863. Heer. 
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the clay are three species of willow and the dwarf birch, Betula 
nana, indicating a climate colder than that of Devonshire at the 
present day. 

Below this are Lower Miocene strata about 300 feet in thick- 
ness, in the upper part of which are twenty-six beds of lignite, 
clay, and sand, and at their base a ferruginous quartzose sand, 
varying in thickness from two to twenty-seven feet. Below 
this sand are forty-five beds of alternating lignite and clay. No 
shells or bones of mammalia, and no insect, with the exception 
of one fragment of a beetle (Bupestris) ; in a word, no organic 
remains, except plants, have as yet been found. These plants 
occur in fourteen of the beds ; namely, in two of the clays, and 
the rest in the lignites. One of the beds is a perfect mat of the 
debris of a coniferous tree, called by Heer Sequoia Couttsiee , in- 
termixed with leaves of ferns. The same Sequoia (before men- 
tioned as a Hempstead fossil, p. 229) is spread tlirough all parts 
of the formation, its cones, and seeds, and branches of every 
age being preserved. It is a species supplying a link between 
8. Langsdorjii (see fig. 156, p. 221) and 8. Sternberyi, the widely 
spread fossil representatives of the two living trees S. Semper- 
virens and 8. gigantea (or Wellingtonia), both now confined to 
California. Another bed is full of the large rhizomes of ferns, 
while two others are rich in dicotyledonous leaves. In all, 
Professor Heer enumerates forty-nine species of plants, twenty 
of which are common to the Miocene beds of the Continent, a 
majority of them being characteristic of the Lower Miocene. 
The new species, also of Bovey, are allied to plants of the 
older Miocene deposits of Switzerland, Germany, and other 
Continental countries. The grape-stones of two species of vine 
occur in the clays, and leaves of the fig, and seeds of a water- 
lily. The oak and laurel have supplied many leaves. Of the 
triple-nerved laurels several are referred to Cinnamcmum. There 
are leaves also of a palm of which the genus is not determined. 
Leaves also of protaccous forms, like some of the Continental 
fossils before mentioned, occur, and ferns like the well-known 
Lastrsea stiriaca (fig. 157, p. 221), displaying at Bovey as in 
Switzerland its fructification. 

The croziers of some of the young ferns are very perfect, and 
were at first mistaken by collectors for shells of the genus Plan- 
whin. On the whole, the vegetation of Bovey implies the exist- 
ence of a sub-tropical climate in Devonshire, in the Lower 
Miocene period. 

Scotland. — Isle of Mali. — In the sea-cliffs, forming the head- 
land of Ardtun, on the west coast of Mull, in the Hebrides, 
several bands of tertiary strata containing leaves of dicotyle- 
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don on s plants were discovered in 1851 by the Duke of Argyll. 1 
From his description it appears that there are three leaf-beds, 
varying in thickness from 1£ to 2J feet, which are interstratified 
with volcanic tuff and trap, the whole mass being about 130 
feet in thickness. A sheet of basalt 40 feet thick covers the 
whole ; and another columnar bed of the same rock, 10 feet 
thick, is exposed at the bottom of the cliff. One of the leaf- 
beds consists of a compressed mass of leaves unaccompanied by 
any stems, as if they had been blown into a marsh where a 
species of Fquisetum grew, of which the remains are plentifully 
embedded in clay. 

It is supposed by the Duke of Argyll that this formation was 
accumulated in a shallow lake or marsh in the neighbourhood 
of a volcano, which emitted showers of ashes and streams of lava. 
The tufaceous envelope of the fossils may have fallen into the 
lake from the air as volcanic dust, or liave been washed down 
into it as mud from the adjoining land. Even without the aid 
of Tertiary fossil plants, we might have decided that the deposit 
was newer than the chalk, for chalk flints containing cretaceous 
fossils were detected by the Duke in the principal mass of vol- 
canic ashes or tuff. 2 

The late Edward Forbes observed that some of the plants of 
this formation resembled those of Croatia, described by Unger ; 
and his opinion has been confirmed by Professor Heor, who 
found that the conifer most prevalent was the Sequoia Langs- 
dorjii (fig. 15G, p. 221), also Corylus grosse-clentata , a Lower Mio- 
cene species of Switzerland and of Menat, in Auvergne. There 
is likewise a plane tree, the leaves of which seem to agree with 
those of Flatanus aceroides (fig. 144, p. 203), and a fern, Fill- 
cites hebridica, Forbes, which is as yet peculiar as a European 
fossil to Mull, but which is considered by Newberry to be 
identical with a living American species, Onoclea sensibilis . 

These interesting discoveries in Mull led geologists to suspect 
that the basalt of Antrim and of the Giant’s Causeway, in 
Ireland, might be of the same age. The volcanic rocks that 
overlie the chalk, and some of the strata associated with and 
interstratified between masses of basalt, contain leaves of dicoty- 
ledonous plants, somewhat imperfect, but resembling the beech, 
oak, and plane, and also some conifers? of the genera pine and 
Sequoia. The general dearth of strata in the British Isles, 
intermediate in age between the formation of the Eocene and 
Pliocene periods, may arise, says Professor Forbes, from the 
extent of dry land which prevailed in that vast interval of 

1 Quart. Geol. Journal, 1801, p. 19. 

2 Ibid, p. 90. 
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time. If land predominated, the only monuments we are likely 
ever to find of Miocene date are those of lacustrine and volcanic 
origin, such as the Bovey Coal in Devonshire, the Ardtun beds 
in Mull, or the lignites and associated basalts in Antrim. 

Kower Miocene, United states. — Nebraska . — In the terri- 
tory of Nebraska, on the Upper Missouri, near the Platte River, 
lat. 42° N., a Tertiary formation occurs, consisting of white 
limestone, marls, and siliceous clay, described by Dr. D. Dale 
Owen, 1 in which many hones of extinct quadrupeds, and of 
chelonians of land or freshwater forms, are met with. Among 
these, Dr. Leidy describes a gigantic quadruped, called by him 
Titanotherlum, nearly allied to the Palseotlwrium, but larger than 
any of the species found in the Paris gypsum. With these are 
several species of the genus Orcodon , Leidy, uniting the charac- 
ters of pachyderms and ruminants ; Euerotaplms, another new 
genus of the same mixed character ; two species of rhinoceros 
of the sub-genus Acerotherium , a Lower Miocene form of 
Europe before mentioned ; two species of Archeeothcrium, a 
pachyderm allied to Chaerop otamus and Hyracothci'ium ; also 
P&brotherium , an extinct ruminant allied to Dorcatherium , 
Kaup ; also Ayriochwgns of Leidy, a ruminant allied to Meryco - 
potamus of Falconer and Cautley ; and, lastly, a large carnivo- 
rous animal of the genus Machairodns, the most ancient example 
of which in Europe occurs in the Lower Miocene strata of Au- 
vergne, but of which some species are found in Pliocene depo- 
sits ; and one species even survived in Palaeolithic times, occurring 
in Kent’s Cavern, associated with unpolished flint implements. 
The turtles are referred to the genus Testudo, but have some 
affinity to Emys. On the whole, the Nebraska formation is 
probably newer than the Paris gypsum, and referable to the 
Lower Miocene period, as above defined. 

1 David Dale Owen, * Geol. Survey of Wisconsin, &c.’ *, Philad. 1852. 
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EOCENE FORMATIONS. 

Eocene areas of north of Europe — Table of English and French Eocene 
strata — Upper Eocene of England — Bembridgc beds — Osborne or St. 
Helen’s beds — Headon series — Fossils of the Barton sands and clays — 
Middle Eocene of England — Shells, nummulites, fish and reptiles of the 
Bracklesham beds and Bagshot sands — Plants of Alum Bay and Bourne- 
mouth — Lower Eocene of England — London Clay fossils — Woolwich and 
Beading beds formerly called * Plastic Clay ’ — Fluviatilc beds underlying 
deep-sea strata — Thanet sands — Upper Eocene strata of France — Gypseous 
series of Montmartre and extinct quadrupeds — Fossil footprints in Paris 
gypsum — Imperfection of the Becord — Calcaire siliceux — Grbs de Beau- 
champ — Calcaire grossier — Miliolite limestone — Soissonnais sands — Lower 
Eocene of France — Nummulitie formations of Europe, Africa, and Asia — 
Eocene strata in United States — Gigantic cetacean. 

Eocene areas of the North of Europe. — The strata next in 
order in the descending series are those which I term Eocene. 


Fig. 167. 

Map of the principal Eocene amis of North-Western Europe. 



In the accompanying map, the position of several Eocene areas 
in the north of Europe is pointed out. When tliis map was 
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constructed I classed as the newer part of the Eocene those 
Tertiary strata which have been described in the last chapter as 
Lower Miocene, and to which M. Beyrich has given the name 
of Oligocene. None of these occur in the London Basin, and 
they occupy in that of Hampshire, as we have seen at p. 227, 
too insignificant a superficial area to be noticed in a map on 
this scale. They fill a larger space in the Paris Basin between 
the Seine and the Loire, and constitute also a part of the north- 
ern limits of the area of the Netherlands which are shaded in 
the map. 

It is in the northern part of the Isle of Wight that we have 
the uppermost beds of the true Eocene best exhibited, namely, 
those which correspond in their fossils with the celebrated 
gypsum of the Paris Basin before alluded to, p. 214 (see Table, 
p. 235). Tliis gypsum has been selected by almost all Continental 
geologists as affording the best line of demarcation between the 
Middle and Lower Tertiary, or, in other words, between the 
Lower Miocene and Eocene formations. 

In reference to the annexed table I may observe, that the cor- 
relation of the French and English subdivisions here laid down 
is often a matter of great doubt and difficulty, notwithstanding 
their geographical proximity. This arises from various circum- 
stances, partly from the former prevalence of marine conditions 
in one basin simultaneously with fluviatile or lacustrine in the 
other, and sometimes from the existence of land in one area 
causing a break or absence of all records during a period when 
deposits may have been in progress in the other basin. As 
bearing on this subject it may be stated that we have unques- 
tionable evidence of oscillations of level shown by the superpo- 
sition of salt or brackish- water strata to fluviatile beds ; and 
those of deep-sea origin to • strata formed in shallow water. 
Even if the upward and downward movements were uniform in 
amount and direction, which is very improbable, their effect 
in producing the conversion of sea into land or land into 
sea would be different according to the previous shape and 
varying elevation of the land and bottom of the sea. Lastly, 
denudation, marine and subaerial, has frequently caused the 
absence of deposits in one basin of corresponding age to those 
in the other, and tliis destructive agency has been more than 
ordinarily effective on account of the loose and unconsolidated 
nature of the sands and clays. 
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TABLE OP ENGLISH AND FRENCH EOCENE STRATA. 

UPPER EOCENE. 

English subdivisions. French equivalents. 

A. 1. Bembridge series, Isle of A. 1. Gypseous series of Mont- 
Wiglit, p. 235. martre, p. 254. 

A. 2. Osborne or St. Helen’s A. 2 and 3. Calcaire siliceux, 
series, Isle of Wight, p. 238. or Travertin Inferieur, p. 

A. 3. Headon series, Isle of 257. 

Wight, p. 238. 

A. 4. Barton series. Sands A. 4. Gres de Beauchamp, or 
and clays of Barton Cliff, Sables Moyens, p. 257. 
Hants, p. 241. 

MIDDLE EOCENE. 

B. 1. Brackleshani series, p. B. 1. Calcaire Grossier, p. 257. 
243. 

B. 2. Alum Bay and Bourne- B. 2. Wanting in France 1 
mouth beds, p. 245. 

B. 2. Wanting in England I B. 2. Soissonnais Sands, or 

Lits Corpiilliers, p. 259. 

LOWER EOCENE. 

C. 1. London Clay, p. 247. 0.1. Argile dc Londres, Casscl, 

near Dunkirk. 

C. 2. Woolwich and Heading C. 2. Argile plastique and lig- 
series, p. 250. nite, p. 259. 

C. 3. Thanct sands, p. 252. C. 3. Sables de Bracheux, p. 

2G0. 

UPPER EOCENE, ENGLAND. 

Bembridge series, A. 1. — These beds are about 120 feet 
thick, and, as before stated (p. 227), lie immediately under the 
Hempstead beds, near Yarmouth, in the Isle of Wight, being 
conformable with those Lower Miocene strata. They consist of 
marls, clays, and limestones of freshwater, brackish, and marine 
origin. Some of the most abundant shells, as Cyrcna semidriata 
var., and Paludina lenta (fig. 106, p. 228), are common to this 
and to the overlying Hempstead series ; but the majority of the 
species are distinct. The following are the subdivisions de- 
scribed by the late Professor Forbes : — 

a. Upper marls, distinguished by the abundance of Melania 
lurritissima, Forbes (fig. 108). 

b. Lower marls, characterised by Cerithium mntabile , Cyrcna 
\ pulchra , &c., and by the remains of Trionyx (see fig. 169). 

c. Green marls, often abounding in a peculiar species of 
oyster, and accompanied by Cerithium , Mytilns y Area , JSucnla, 
Ac. 
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d. Bembridge limestones, compact cream-coloured limestones 
alternating with shales and marls, in all of which land-shells are 



Fig. 170. 



Bulimus cllipticm, Sow. 
Bembridge Limestone. 
$ nat. size. 


Fig. 173. 



Planorbis discus, Edwards. 
Bembridge, $ diam. 


Fig. 171. 



Helix occlusa , Edwards. 
Bembridere Limestone, 
Isle of Wight. 


Fig. 172. 


Paludina orbicularis. 
Bcmbridgo. 


Fig. 174. 



Limncea fust for mis, Sow. bridge Limestone. 

Nat. size. Isle of Wight. 




common, especially at Sconce, near Yarmouth, as described by 
Mr. F. Edwards. The Bulimus ellipticus (fig. 170) and Helix 
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like those of the rhinoceros. Pal&otherium magnum was of the 
size of a horse, four or five feet high. The annexed woodcut, 
fig. 177, is one of the restorations which Cuvier attempted of 
the outline of the animal when living as derived from the study 
of the entire skeleton. As tho vertical range of particular 
species of quadrupeds, so far as our knowledge extends, is far 
more limited than that of the testacea, the occurrence of so 
many species at Binstead, agreeing with fossils of the Paris 
gypsum, strengthens the evidence derived from shells and plants 
of the synchronism of the two formations. 

Osborne or St. Helen’s series, A. 2. — This group is of fresh 
and brackish- water origin, and very variable in mineral cha- 
racter and thickness. Near ltyde, it supplies a freestone much 
used for building, and called by Professor Forbes the Nettle- 
stone grit. In one part ripple-marked flag-stones occur, and 
rocks with fucoidal markings. The Osborne beds are distin- 
guished by peculiar species of Palndina , Melania , and Melanop- 
sisj as also of Cypris and the seeds of Ohara. 

Headon series, A. 3. — These beds are seen both in White- 
cliff Bay, Headon Hill, and Alum Bay, or at the east and west 
extremities of the Isle of Wight. The upper and lower portions 
are freshwater, .and the middle of mixed origin, sometimes 
brackish and marine. Everywhere Planorbis cuompl talus (fig. 
178) characterises the freshwater deposits, just as the allied 
form, P. discus (fig. 173) does the Bembridge limestone. The 

Fig. 178. 

Fig. 179. 

3 


j 

Planorbis eit omphalus, Sow. Helix laln/rinthica , Say. ITeadon Hill, Isle of Wight • 
Headon Hill. J diam. and Hordwcll Cliff, Hants — also recent. * 

brackish -water beds contain Potamomya plana , Cerithium muta- 
hile , and Potamides cinctus (fig. 37, p. 32), and the marine beds 
Venus (or Cytherea) incrassata , a species common to the Lim- 
burg beds and Grfes do Fontainebleau, or the Lower Miocene 
series. The prevalence of marine species is most conspicuous 
in some of the central parts of the formation. 

Among the shells which are widely distributed through the 
Headon series are Neritina concava (fig. 180), Limnoea candata 
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(fig. 181), and Cerithmm concavum (fig. 182). Helix labyrmthica , 
Say (fig. 179), a land-shell now inhabiting the United States, 


Fig. 181. Fig. 182. 



Nevitina concara, Sow. Limncea caudate* , Edw, CerUhium concavum , Sow, 

Hcadon aeries. Headon Series. Headou Series. 

was discovered in this series by Mr. Searles Wood in Hordwell 
Cliff. It is also met with in Headon Hill, in the same beds. At 
Sconce, in the Isle of Wight, it occurs in the Bembridge series, 
and affords a rare example of an Eocene fossil of a species 
still living, though, as usual in such cases, having no local 
connection with the actual geographical range of the species. 
The lower and middle portion of the Headon series is also mot 
with in Hordwell Cliff (or Hordle, as it is often spelt), near 
Lymington, Hants. The chief shells which abound in this 
Cliff are Palndina lentci and various species of Limncca, Planorbis , 
Melania } Cyclas , Unio , Potamomya , Dreissena , <£c. 

Among the chelonians we find a species of Emys, and no less 
than six species of Trionyx; among the saurians an alligator 
and a crocodile ; among the ophidians two species of land- 
snakes ( PaleryXj Owen) ; and among the fish Sir P. Egerton 
and Mr. Wood have found the jaws, teeth, and hard shining 
scales of the genus Lepidosteus, or bony pike of the American 
rivers. The same genus of freshwater ganoids has also been met 
with in the Hempstead beds in the Isle of Wight. The bones 
of several birds have been obtained from Hordwell, and the re- 
mains of quadrupeds of the genera Palseotherium (P. minus), 
Anoplotherium , Hichodon , Dicliobune , Spalacodon , Microchamns , 
Lophiodon , Hyopotamus , and Jlysenodon. The latter offers, I 
believe, the oldest known example of a true carnivorous animal 
in the series of British fossils ; although I attach very little theo- 
retical importance to the fact, because herbivorous species are 
those most easily met with in a fossil state in all save cavern 
deposits. In another point of view, however, this fauna de- 
serves notice. Its geological position is considerably lower than 
that of the Bembridge or Montmartre beds, from which it differs 
almost as much in species as it does from the still more ancient 
fauna of the Lower Eocene beds to be mentioned in the sequel. 
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It therefore teaches us what a grand succession of distinct 
assemblages of mammalia flourished on the earth during the 
Eocene period. 

Many of the marine shells of the brackish-water beds of the 
above series, both in the Isle of Wight and Hordwell Cliff, are 
common to the underlying Barton Clay : and on the other 
hand, there are some freshwater shells, such as Cyrena obovata , 
which are common to the Bembridge beds, notwithstanding the 
intervention of the St. Helen’s series. The white and green 
marls of the Headon series, and some of the accompanying 
limestones, often resemble the Eocene strata of France in 
mineral character and colour in so striking a manner, as to sug- 
gest the idea that the sediment was derived from the same 
region or produced contemporane- 
Fis * 183 ‘ ously under very similar geograph- 

/-J i cal circumstances. 

* At Brockenhurst, near Lynd- 

J ** hurst, in the New Forest, marine 

- ^ k — / C' , "\ s ^ rata have recently been found, 

if ) ' V Aj i containing 59 species of shells, many 

of which have been described by 
Mr. Edwards. These beds rest on 
K ' the Lower Headon, and are con- 

sidered as the equivalent of tho 
middle part of the Headon series, 
Brockenhurst. many of the shells being common 

to the brackish-water or Middle 
Headon beds of Colwell and Whitecliff Bays, such as Cancel - 
laria muricata, Sow., Fusns labiatus, Sow., &c. In these beds 
at Brockenhurst, corals, ably described by Dr. Duncan, have 
recently been found in abundance and perfection. (See fig. 183, 
Solenastraea cellulosa). 

Baron Yon Konen 1 has pointed out that no less than 46 out 
of the 59 Brockenhurst shells, or a proportion of 78 per cent., 
agree with species occurring in Dumont’s Lower Tongrian for- 
mation in Belgium. This being the case, we might fairly expect 
that if we had a marine equivalent of tho Bembridge series or 
of the contemporaneous Paris gypsum, we should find it to 
contain a still greater number of shells common to the Tongrian 
beds of Belgium ; but the exact correlation of these freshwater 
groups of France, Belgium, and Britain has not yet been fully 
made out. It is possible that the Tongrian of Dumont may be 
newer than the Bembridge series, and therefore referable to the 
Lower Miocene. If ever the whole series should be complete, 

1 Quart. Geol. Journal, vol. xx. p. 07. 1804. 


Solenastrcca cellulosa , Dime. 
Brockenhurst. 
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we must be prepared to find the marine equivalent of tlie Bern- 
bridge beds, or tho uppermost Eocene, passing by imperceptible 
shades into the inferior beds of tho overlying Miocene strata. 

Among the fossils found in the Middle Headon are Cytherea 
inerassatci and Cerithimn plicatum, fig. 163, p. 228. These shells, 
especially the latter, are very characteristic of the Lower 
Miocene, and their occurrence in the Headon series has been 
cited as an objection to the line proposed to be drawn between 
Miocene and Eocene. But if we were to attach importance to 
such occasional passages, wo should soon find that no lines of 
division could be drawn anywhere, for in the present state of 
our knowledge of tho Tertiary series there will always be species 
common to beds above and below our boundary-lines. 

Barton series (Hands and Clays), A. 4, Table, p. 235. — Both 
in the Isle of Wight, and in Hordwell Cliff, Hants, the Headon 
beds, above mentioned, rest on white sands usually devoid of 
fossils, and used in the Isle of Wight for making glass. In one 
of these sands Hr. Wright found Chama squamosa, a Barton clay 
shell, in great plenty, and certain impressions of marine shells 
have been found in sands supposed to be of the 
same age in Whitecliff Bay. These sands have 
been called Upper Bagshot in tho maps of our 
Government Survey, but this identification of a 
fossiliferous series in the Isle of Wight with an 
unfossiliferous formation in the London Basin 
can scarcely be depended uj>on. The Barton 
Clay, which immediately underlies these sands, 
is seen vertical in Alum Bay, Isle of Wight, and Mama squamosa, 
nearly horizontal in the cliffs of the mainland C U ' * ur ° u * 
near Lymington. This clay, together with the Bracklesham 
beds, presently to be described, has been termed Middle Bagshot 
by the Survey. In Barton Cliff, where it attains a thickness of 
about 300 feet, it is rich in marine fossils. 

It was formerly confounded with the London Clay, an older 
Eocene deposit of very similar mineral character, to be men- 
tioned in the sequel (p. 247), which contains many shells in 
common, but not more than one-fourth of the whole. In other 
words, there are known at present 247 species in the London 
Clay and 321 in that of Barton, and only 70 common to the 
two formations. 56 of these have been found in the inter- 
mediate Bracklesham beds, and the reappearance of the other 
14 may imply a return of similar conditions, whether of tempe- 
rature or depth or of a muddy argillaceous bottom, common to 
the two periods of the London and Barton Clays. According 
to M. Hebert, the most characteristic Barton Clay fossils Corre- 
al 


rig. 184 . 
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spond to tHose of the Gres de Beauchamp, or Sables Moyens, 
of the Paris Basin, but it also contains many common to the 
older Calcairo Grossier. 

SHELLS OF THE BARTON CLAY. 

Certain foraminifera called Nummulites begin, when we study 
the Tertiary formations in a descending order, to make their 
Fig. 185. Fig. 186. Fig. 187. 



Mitra scibra, Sow. Volula ambigua , Sol. Typhis p tingens, Brand. 

first appearance in these beds. A small species called Nummu- 
lites variolar ia (fig. 193) is found both on the Hampshire coast 


Fig. 188. Fig. 189. Fig. 190. 



Valuta a thJ at a, Sol. Barton, Tarebellam fuxiforme, Lara. Terebellum sopila, 

and Bracklesliam, Barton and Bracklcshara. Brand. 

and in beds of the same age in Whitecliff Bay, in the Isle of 
Wight. Several marine shells, among which is Oorbula pisum 

Fig. 191. Fig. 192. Fig. 193. 



Cardita sulcata, Brand. Crassatella mlatta* Sow. diala, Sow. Mid. Eocene. 

Baiton . Bracklesliam and Barton. Bracklesliam Bay. 

«. Nat. size. b. magnified. 

(fig. 161, p. 228), are common to the Barton beds and the 
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Hempstead or Lower Miocene series, and a still greater number, 
as before stated, are common to the Headon series. 


MIDDLE EOCENE, ENGLAND. 

Bracklesliam Beds and Bagrshot Sands (B. 1, Table, p. 235) — 
Beneath the Barton Clay we find in the north of the Isle of 
Wight, both in Alum and Whiteclifl'Bays, a great series of various- 
coloured sands and clays for the most part unfossiliferous, and 
probably of estuarine origin. As some of these beds contain 
Cardita planicosta (fig. 104) they have been identified with the 


Cardita ( Venericardia ) plan koala, Lam. 

marine beds much richer in fossils seen in the coast section in 
Bracklesliam Bay near Chichester in Sussex, where the strata 
consist chiefly of green clayey sands with some lignite. Among 
the Bracklesliam fossils besides the Cardita, occurs the huge 
Cevithinm giganteum ,, so conspicuous in the Calcaire Grossier of 
Paris, where it is sometimes two feet in length. Nmnmnlitcs 


Fig. 1JV). 



Xummulites ( Nummularia ) hvv'ojata. Bracklesliam. Dixon’s Fossils 
of Sussex, FI. 8. 

а. Section of the niunmulite. 

б. Group, with an individual showing the exterior of the shell. 

Isevigaia (see fig. 195), so characteristic of the lower beds of the 
Calcaire Grossier in France, where it sometimes forms stony 
layers, as near Compikgne, is also very common in these beds, 

m 2 



Fig. 15)4. 
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together with AT. scabra and N. variolar ia. Out of 193 species 
of testacea procurod from the Bagshot and Bracklesham beds in 
England, 126 occur in the Calcaire Grossier in Franco. It was 
clearly, therefore, coeval with that part of the Parisian series 
more nearly than with any other. 

According to tables compiled from the best authorities by Mr. 
Etheridge, tlic number of mollusca now known from the Brack- 
lesham beds in Great Britain is 393, of which no less than 240 


Fig. 19 G. 



j\thvo]>his typhceusy Owen ; an Eocene s^a-serpent. Bracklesham. 
a, b. Vertebra, with long neural spine preserved, 
c. Two vertebi’fc articulated together. 


are peculiar to this subdivision of the British Eocene series, 
while 70 are common to the Older London Clay, and 140 to the 

Fig. 197. 



•Defensive spine of Ostraceon. Bracklesham. 


Newer Barton Clay. The volutes and cowi-ies of this formation, 
as well as the polyzoa and corals, favour the idea of a warm 



climate having prevailed, 
which is borne out by the 
discovery of the remains of 
a serpent, Palecophis typhosus 
(see fig. 396), exceeding, ac- 
cording to Professor Owen, 
twenty feet in length, and 
allied in its osteology to the 
Boa, Python, Coluber, and 


Palatal or dental plates of Mtjliobates 
Edwardsi. Bracklesham Bay. 
Dixon’s Fossils of Sussex, PI. 8. 


Hydrus. The compressed 
form and diminutive size of 
certain caudal vertebrae indi- 


cate so much analogy with Hydrus as to induce Professor, Owen 
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to pronounce this extinct ophidian to have been marine. 1 
Amongst the companions of the sea-snake of Bracklesham was 
an extinct crocodile ( Oavialis Dixoni , Owen), and numerous 
fish, such as now frequent the seas of warm latitudes, as the 
Ostraceon of the family Balistidie, of which a dorsal spine is 
figured (see fig. 197), 2 and gigantic rays of the genus Myliobates 
(see fig. 198). 

The teeth of sharks also, of the genera Oarcharodon , Otodus , 

Fig. 199. Fig. 200. Fig, 201. 



Carcha/vdon anguslideiis , Agass. Otodus obliqttus, Agass. 

Tectli of Sharks from Bracklesham Beds. 


Galeocevdo latidens , 
Agass. 


Lamia , Galeocerdo , and others, are abundant. (See figs. 199, 

200 , 201 , 202 ). 

Marine Shells of Bracklesham Beds. 

Fig. 203. 



Alum Bay and Bournemouth beds (Lower Bagshot of English 
Sui vey), B. 2, Table, p. 235. — Tothat great series of sands and clays 

. 1 S° c * Monograph. Kept., 2 For a description of this spine 

pt. li. p. 01. gce w c Williamson, Phil. Trans. 

pt. ii., 1851, p. GG7. 
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which intervene between the equivalents of the Bracklesham 
Beds and the London Clay or Lower Eocene, our Government 
Survey has given the name of the Lower Bagshot sands, for they 
are supposed to agree in age with the inferior unfossiliferous 
sands of the country round Bagshot in the London Basin. This 
part of the series is finely exposed in the vertical beds of Ahun 
Bay in the Isle of Wight, and east and west of Bournemouth on 
the so utli coast of Hampshire. In some of the close and white 
compact clays of this locality, there are not only dicotyledonous 
leaves, but numerous fronds of ferns allied to Gleichenia which 
are well preserved with their fruit. 

None of the beds are of great horizontal extent, and there is 
much cross- stratification or false-bedding in the sands, and in 
some places black carbonaceous seams and lignite. In the 
midst of a leaf-bed at the base of the Bournemouth strata in 
Studland Bay, Dorsetshire, shells of the genus Unio attest the 
freshwater origin of the white clay. 

No less than 40 species of plants are mentioned by MM. de 
la Harpo and Gaudin from this formation in Hampshire, among 
which the Proteacem ( Dryandra , Ac.) and the fig tribe are 
abundant, as well as the cinnamon and several other laurinem, 
with some papilionaceous plants. On the whole they remind the 
botanist of the types of subtropical India and Australia. 1 

Heer has mentioned several species which are common to this 
Alum Bay flora and that of Monte Bolca, near Verona, so cele- 
brated for its fossil fish, and where the strata contain nummulites 
and other Middle Eocene fossils. He has particularly alluded to 
Avalia primigenia (of which genus a fruit has since been found 
by Mr. Mitchell at Bournemouth), Daphnogenc Veroncnsis, and 
Ficus granadilla , as among the species common to and charac- 
teristic of the Isle of Wight and Italian Eocene beds ; and ho 
observes that in the flora of this period those forms of a tem- 
perate climate which constitute a marked feature in the Euro- 
pean Miocene formations, such as the willow, poplar, birch, 
alder, elm, hornbeam, oak, fir, and pine, are wanting. The 
American types are also absent, or much more feebly represented 
than in the Miocene period, although fine specimens of the 
fan-palm ( Sabal ) have been found in these Eocene clays at Stud- 
land. The number of exotic forms which are common to the 
Eocene and Miocene strata of Europe, like those to be alluded to 
in the sequel which are common to the Eocene and Cretaceous 
fauna, demonstrate the remoteness of the times in which the 
geographical distribution of living plants originated. A great 
majority of the Eocene genera have disappeared from our tem- 
1 Ilccr, ‘ Climat ct Vegetation clu Tays Tertiaire,’ p. 172. 
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perate climates, but not the whole of them ; and they must all 
have exerted some influence on the assemblages of species which 
succeeded them. Many of these last occurring in the Upper 
Miocene are indeed so closely allied to the flora now surviving 
as to make it questionable, even in the opinion of naturalists 
opposed to the doctrine of transmutation, whether they are not 
genealogically related the one to the other. 

LOWER EOCENE FORMATIONS, ENGLAND. 

London Clay (C. 1, Table, p. 235). — This formation under- 
lies the preceding, and sometimes attains a thickness of 500 feet. 
It consists of tenaceous brown and bluisli-gray clay, with layers 
of concretions called septaria, which abound chiefly in the brown 
clay, and are obtained in sufficient numbers from sea-cliffs near 
Harwich, and from shoals off the coast of Essex and the Isle of 
Sheppey, to be used for making Roman cement. The total 
number of British fossil mollusca known at present (January 
1870) in this formation arc 200, of which 100 are peculiar, or not 
found in other Eocene beds in this country. The principal 
localities of fossils in the London clay are Higligate Hill, near 
London, the island of Sheppey at the mouth of the Thames, and 
Bognor on the Sussex coast. Out of 133 fossil shells, Mr. 
Prestwicli found only 20 to be common to the Calcaire Grossier 
(from which GOO species have been obtained), while 33 are com- 
mon to the ‘ Lits Coquillicrs ’ (p. 259), in which 200 species are 
known in France. 

In the Island of Sheppey near the mouth of the Thames the 
thickness of the London Clay is estimated by Mr. Prestwich to 
be more than 500 feet ; and it is in the Fig, *jos. 

uppermost 50 feet that a great number 
of fossil fruits were obtained, being 
chiefly found on the beach when the 
sea has washed away the clay of the 
rapidly wasting cliffs. 

Mr. Bowerbank, in a valuable pub- 
lication on these fossil fruits and seeds, 
has described no less than thirteen 
fruits of palms of the recent type Nipa, 
now only found in the Molucca and 
Philippine Islands, and in Bengal (see 
fig. 208). In the delta of the Ganges, Mpadites eWpticus, Bow. 

Hr. Hooker observed the large nuts of dossil fruit of palm, from Sheppey. 
Nipa fruticans floating in such numbers in the various arms of 
that great river, as to obstruct the paddle-wheels of steam-boats. 
These plants are allied to the cocoa-nut tribe on the one side, 
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and on the other to the Pandanus , or screwpine. There are 
also met with three species of Anona, or custard apple ; and 
cucurbitaceous fruits (of the gourd and melon family), and fruits 
of various species of Acacia. 

Besides fir-cones or fruit of true Ooniferse there are cones of 
Proteacese in abundance, and the celebrated botanist the late 
Robert Brown pointed out the affinity of these to the New 
Holland types Petrophila and Iso- 
poyon. Of the first there are about 
50 and the second 30 described 
species now living in Australia. 

Ettingshausen remarked in 1851 
that five of the fossil species from 
Sheppey, named by Bowerbank, 1 
were specimens of the same fruit 
(see fig. 209) in different states of 
preservation ; and Mr. Carruthers, 
Eocene Proteaceous Fruit. having examined the original spe- 
1 ’cti'otA t n 1 > L( . ,n 011 cimens now in the British Museum, 
a. Cone. i. Section of cone tells me that all these cones trom 

showing the. position oi the seeds, gheppey may be reduced to two 

sjiecies, which have an undoubted aflinity to the two existing 
Australian genera above mentioned, although their perfect 
identity in structure cannot be made out. 

The contiguity of land may be inferred not only from these 
vegetable productions, but also from the teeth and bones of 
crocodiles and turtles, since these creatures, as Bean Conybeare 
remarked, must have resorted to some shore to lay their eggs. 
Of turtles there were numerous species referred to extinct genera. 
These are, for the most part, not equal in size to the largest 
living troincal turtles. A sea-snake, which must have been 
thirteen feet long, of the genus Palneophis before mentioned (p. 
244), has also been described by Professor Owen from Sheppey, 
of a different species from that of Bracklesham, and called P. 
toliapiens. A true crocodile, also, CrocodUus toliapicus , and 
another saurian more nearly allied to the gavial, accompany the 
above fossils ; also the relics of several birds and quadrupeds. 
One of these last belongs to the new genus Hyracothcrium of 
Owen, of the hog tribe, allied to Chfleropotamus ; another is a 
Lophwdon ; a third a pachyderm called Coryphodon eocamus by 
Owen, larger than any existing tapir. All these animals seem 
to have inhabited the banks of the great river which floated down 
the Sheppey fruits. They imply the existence of a mammifer- 
ous fauna antecedent to the period when nummulites flourished 

1 Bowerbank, * Fossil Fruits and (Seeds of London Clay,* Plates ix. and x. 


Fig. 200. 
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in Europe and Asia, and therefore before the Alps, Pyrenees, 
and other mountain-chains now forming the back-bones of great 
continents, were raised from the deep ; nay, even before a part 
of the constituent rocky masses now entering into the central 
ridges of these chains had been deposited in the sea. 


SHELLS OP THE LONDON CLAY. 


Pig. 210. 



Valuta nodosa, Phorus e.rtensus , 
Sow. Higligatc. Sow. Higligatc. 


Pig. 213. 



Nautilus centralis, Sow. Higligatc. 


Fig. 212. 



Itos/ellaria ( Hippocrates ) ampla. Brandcr. 
^ of liat. size ; also found in tlic Bar- 
ton clay. 


The marine shells of the London clay confirm the inference 
derivable from the plants and reptiles in favour of a high tem- 


Fig. 214. 



Aturia ziczac, Broun. Syn. Nautilus 
ziczac, Bow. London clay. Sheppey. 


Fig. 215. 



Jielosepia sepia idea, De Elainv. 
Loudon clay. SUeppey. 


perature. Thus many species of Conus and Voluta occur, a large 
Cyprsea, C. oviformis, a very large Mostdlaria (fig. 212), a species 
of Cancellaria, six species of Nautilus (fig. 214), besides other 
Cephalopoda of extinct genera, one of the most remarkable of 
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which is the Belosepia (fig. 215). Among many characteristic 
bivalve shells are Lcda amygdaloides (fig. 216) and Cryptodon 
angulat'ivm (fig. 217), and among the Radiata a star-fish, Astro - 
pecten (fig. 218). 

Fig. 217. Fig. 218. 



Leda amygdaloides, Cryptodon ( A.rhius ) Astropeclen crispatus , 

Sow. iligligatc. augulalum, Sow. E. Forbes. Shcppey. 

London clay, Ilomsey. 


These fossils are accompanied by a sword-fish (Tetrapterus 
priscus , Agassiz), about eight feet long , and a saw-iish (Fristis 
bisulcatus , Ag.), about ten feet in length ; genera now foreign to 
the British seas. On the whole, about eighty species of fish 
have been described by M. Agassiz from these beds of Slieppey, 
and they indicate, in his opinion, a warm climate. 

In the lower part of the London clay at Kyson, a few miles 
east of Woodbridge, the remains of mammalia have been de- 
tected. Some of these have been referred by Professor Owen to 
an opossum, and others to the genus Hyracothcrium. The teeth 
of this last-mentioned Pachyderm were at first, in 1840, supposed 
to belong to a monkey ; an opinion afterwards abandoned by 
Owen when more ample materials for comparison were obtained. 

Woolwich and Reading: series (C. 2, Table, p. 235). — This 
formation was formerly called the Plastic Clay, as it agrees with 
a similar clay used in pottery which occupies the same position 
in the French series, and it has been used for the like purposes 
in England. 1 

No formations can be more dissimilar on tho whole in mineral 
character than the Eocene doposits of England and Paris ; those 
of our own island being almost exclusively of mechanical origin, 
— accumulations of mud, sand, and pebbles ; while in the 
neighbourhood of Paris wo find a great succession of strata com- 
posed of limestones, some of them siliceous, and of crystalline 
gypsum and siliceous sandstone, and sometimes of pure flint 
used for millstones. Hence it is often impossible, as before 
stated, to institute an exact comparison between the various 
members of the English aild French series, and to settle their 
respective ages. But in regard to tho division which we have 
now under consideration, whether we study it in the basins of 
London, Hampshire, or Paris, we recognise as a general rule the 
1 Prestwich, Quart. Geol. Joum. vol. x. 
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same mineral character, the beds consisting over a large area of 
mottled clays and sand, with lignite, and with some strata of 
well-rolled flint pebbles, derived from the chalk, varying in size, 
but occasionally several inches in diameter. These strata may 
be seen in the Isle of Wight or at Bognor in contact with the 
chalk, or in the London Basin, at Beading, Blackheath, and 
Woolwich. In some of the lowest of them, banks of oysters are 
observed, consisting of Ostrea bcllovacina , so common in France 
in the same relative position. In these beds at Bromley, Dr. 
Buckland found a large pebble to which five full-grown oysters 
were affixed, in such a manner as to show that they had commenced 
their first growth upon it, and remained attached through life. 

In several places, as at Woolwich on the Thames, at Newhaven 
in Sussex, and elsewhere, a mixture of marino and freshwater 
testacca distinguishes this member of the series. Among the 
latter, Melania inqninata (see fig. 220) and Cyrena Cunciformis 
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Fig. 220. 



Cyrena cunei/ormis, Sow. Natural size. Melania {Mi lan atria) 

Woolwich clays. inquinata, Def. Syn. 

Cerithium melaiioides y 
Sow. Woolwich clays. 

(see fig. 219) are very common, as in beds of corresponding ago 
in France. They clearly indicate points where rivers entered 
the Eocene sea. Usually there is a mixture of brackish, fresh- 
water, and marine shells, and sometimes, as at Woolwich, proofs 
of the river and the sea having successively prevailed on the 
same spot. At New Charlton, in the suburbs of Woolwich, Mr. 
de la Condamine discovered in 1849, and pointed out to me, a 
layer of sand associated with well-rounded flint pebbles in which 
numerous individuals of the Cyrena tellinellaworQ seen standing 
endwise with both their valves united, the siphonal extremity 
of each shell being uppermost, as would happen if the mollusks 
had died in their natural position. I have described 1 a bank of 


1 Second Visit to the United States, vol. ii. p. 104. 
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sandy mud, in the delta of the Alabama River at Mobile, on the 
borders of the Golf of Mexico, where in 1846 I dug out at low 
tide specimens of living species of Cyrena and of a Gnathodon, 
which were similarly placed with their shells erect, or in a pos- 
ture which enables the animal to protrude its siphon upwards 
and draw in or reject water at pleasure. The water at Mobile is 
usually fresh, but sometimes brackish. At Woolwich a body of 
river-water must have flowed permanently into the sea where 
the Cyrense lived, and they may have been killed suddenly by 
an influx of pure salt water, which invaded the spot when the 
river was low, or when a subsidence of land took place. Traced 
in one direction, or eastward towards Herne Ray, the Woolwich 
beds assume more and more of a marine character ; while in an 
opposite, or south-western direction, they become, as near 
Chelsea and other places, more freshwater, and contain Unio , 
Paludina, Pitharella , and layers of lignite, so that the land 
drained by the ancient river seems clearly to have been to the 
south-west of the present site of the metropolis. 

Fluviatile beds underlying deep-sea strata . — Before the minds 
of geologists had become familiar with the theory of the gradual 
sinking of land, and its conversion into sea at different periods, 
and the consequent change from shallow to deep water, the 
fluviatile and littoral character of this inferior group appeared 
strange and anomalous. After passing through hundreds of feet 
of London clay , proved by its fossils to have been deposited in 
salt water, we arrive at beds of fluviatile origin, and associated 
with the in masses of shingle, attaining at Blackheath, near 
London, a thickness of 50 feet. These shingle banks are 
probably of marine origin, but they indicate the proximity of 
land, and the existence of a shore where the flints of the chalk 
were rolled into sand and pebbles, and spread over a wide space. 
We have, therefore, first, as before stated (p. 251), evidence of 
oscillations of level during the accumulation of the Woolwich 
series, then of a great submergence, which allowed a marine 
deposit 500 feet thick to be laid over the antecedent beds of 
fresh and brackish- water origin. 

Thanet sands (C. 3, Table, p. 235). — The Woolwich or plastic 
clay above described may often be seen in the Hampshire Basin 
in actual contact with the chalk, constituting in such places the 
lowest member of the British Eocene scries. But at other 
points another formation of marine origin, characterised by a 
somewhat different assemblage of organic remains, has been 
shown by Mr. Prestwich to intervene between the chalk and the 
Woolwich series. For these beds he has proposed tho name of 
‘ Thanet Sands/ because they are well seen in the Isle of Thanet, 
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in the northern part of Kent, and on the sea-coast between 
Heme Bay and the Reculvers, where they consist of sands with 
a few concretionary masses of sandstone, and contain, among 
other fossils, Pholadomya cmieata (fig. 221), Cyprina Morrisi 
Fig. 221. Fig. 222. Fig. 223. 



Pholadomya cuneata , Sow. Apovrhais Powerbyi, Mailt. Cyprina Aforrisii, Sow. 
Thanct sands. Tlianct sands. Tlianet sands. 


(fig. 222), Corbnla lonyirostris , Sralaria Bjwcrbanhii , Apovrhais 
Sowcrbyi (fig. 223), &c. The greatest thickness of these beds is 
about 90 feet. 

UPPER EOCENE FORMATIONS OF FRANCE. 

The Tertiary formations in the neighbourhood of Paris consist 
of a series of marine and freshwater strata, alternating with each 
other, and filling up a depression in the chalk. The area which 
they occupy has been called the Paris Basin, and is about 180 
miles in its greatest length from north to south, and about 90 
miles in breadth from east to west. MM. Cuvier and Brong- 
niart attempted, in 1810, to distinguish five different groups, 
comprising three freshwater and two marine, wliich were sup- 
posed to imply that the waters of the ocean, and of rivers and 
lakes, had been by turns admitted into and excluded from the 
same area. Investigations since made in the Hampshire and 
London Basins have rather tended to confirm these views, at 
least so far as to show that since the commencement of the 
Eocene period there have been great movements of the bed of 
the sea, and of the adjoining lands, and that the superposition 
of deep sea to shallow water deposits (the London clay, for ex- 
ample, to the Woolwich beds) can only be explained by referring 
to such movements. It appears, notwithstanding, from the re- 
searches of M. Constant Prevost, that some of the minor 
alternations and intermixtures of freshwater and marine de- 
posits, in the Paris Basin, may be accounted for without such 
changes of level, by imagining both to have been simultaneously 
in progress, in the same bay of the same sea, or a gulf into 
which many rivers entered. 
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Oypseoui series of Montmartre (A. 1, Table, p. 236). — To 
enlarge on the numerous subdivisions of the Parisian strata 
would lead me beyond my present limits ; I shall therefore give 
some examples only of the most important formations. Beneath 
the Grbs de Fontainebleau, belonging, as before stated, to the 
Lower Miocene period, we find, in the neighbourhood of Paris, 
a series of white and green marls, with subordinate beds of 
gypsum. These are most largely developed in the central parts 
of the Paris Basin, and, among other places, in the hill of 
Montmartre, where its fossils were first studied by Cuvier. 

The gypsum quarried there for the manufacture of plaster of 
Paris occurs as a granular crystalline rock, and, together with 
the associated marls, contains land and fluviatile shells, and 
the bones and skeletons of birds and quadrupeds. Several 
land-plants are also met with, among which are fine specimens 
of the fan-palm or palmetto tribe ( Flabcllaria ). The remains 
also of freshwater fish, and of crocodiles and other reptiles , 
occur in the gypsum. The skeletons of mammalia are usually 
isolated, often entire, the most delicate extremities being pre- 
served ; as if the carcases, clothed with their flesh and skin, 
had been floated down soon after death, and while they were 
still swollen by the gases generated by their first decomposition. 
The few accompanying shells are of those light kinds which fre- 
quently float on the surface of rivers, together with wood. 

In this formation the relics of about fifty species of quadru- 
peds, including the genera Palxotherium (see fig. 177 , p. 237), 
Anoplothcrium, and others, have been found, all extinct, and 
nearly four-fifths of them belonging to the Perissodactyle or 
odd-toed division of the order Pachydermata, which now 
contains only four living genera, namely, rhinoceros, tapir, horse, 
and hyrax. The Anoplothcridse form a tribe intermediate 
between pachyderms and ruminants. One of the three divisions 
of this family was called by Cuvier Xiphodon. Their forms 
were slender and elegant, and one, named Xiphodon gracile (fig. 
224), was about the size of the chamois ; and Cuvier inferred 
from the skeleton that it was as light, graceful, and agile as the 
gazelle. With these Pachydermata are associated a few car- 
nivorous animals, among which are the Hytznodon dasyuroides ; 
a species of dog, Canis Parisiensis ; and a weasel, Cynodon Parisi- 
ensis. Of the Podentia are found a squirrel ; of the Cheiroptera , 
a bat ; while the Marsupialia (an order now confined to 
America, Australia, and some contiguous islands) are represented 
by an opossum. 

Of birds, about 17 species has been discovered, five of which are 
still undetermined. The skeletons of some aro entire, but none 
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are referable to existing species. 1 The same remark, according 
to MM. Cuvier and Agassiz, applies both to the reptiles and fish. 
Among the last are crocodiles and tortoises of the genera Emys 

Fig. 224. 



Xiphodon gracile, or Anoplotherium gracile, Cuvier. Restored outline. 

and Trionyx. The tribe of land quadrupeds most abundant in 
this formation is such as now inhabits alluvial plains and marshes, 
and the banks of rivers and lakes, a class most exposed to Buffer 
by river inundations. 

Fossil footprints . — There are three superimposed masses of 
gypsum in the neighbourhood of Paris, separated by inter- 
vening deposits of laminated marl. In the uppermost of the 
three in the valley of Montmorency M. Desnoyors discovered 
in 1859 many footprints of animals occurring at no less than 
six different levels. 2 The gypsum to which they belong varies 
from thirty to fifty feet in thickness, and is that which has 
yielded to the naturalist the largest number of bones and 
skeletons of mammalia, birds, and reptiles. I visited the 
quarries, soon after the discovery was made known, with M. 
Desnoyors, who also showed me large slabs in the Museum at 
Paris, where, on the upper planes of stratification, the indented 
footmarks were seen, while corresponding casts in relief appeared 
on the lower surfaces of the strata of gypsum which were imme- 
diately superimposed. A thin film of marl, which before it was 
dried and condensed by pressure must have represented a much 
thicker layer of soft mud, intervened between the beds of solid 
gypsum. On this mud the animals had trodden, and made 
impressions which had penetrated to the gypseous mass below, 

1 Cuvier, Oss. Foss., tom. iii. p. 255. xnaux, par M. J. Desnoyers. Compte 

8 Sur ties Euipreintes de Pas d’Ani- rendu de l’lnstitut, 1859. 
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then evidently unconsolidated. Tracks of the Anoplotherium 
with its bisulcate hoof, and the trilobed footprints of Palaeo- 
therium , were seen of different sizes, corresponding to those of 
several species of these genera which Cuvier had reconstructed, 
while in the same beds were footmarks of carnivorous mam- 
malia. The tracks also of fluviatile, lacustrine, and terrestrial 
tortoises ( Emys , Trionyx, & c.) were discovered; also those of 
crocodiles, iguanas, geckos, and great batrachians ; and the foot- 
prints of a huge bird, apparently a wader, of the size of the 
gastomis, to be mentioned in the sequel. There were likewise 
impressions of the feet of other creatures, some of them clearly 
distinguishable from any of the fifty extinct types of mammalia, 
of which the bones have been found in the Paris gypsum. The 
whole assemblage, says Desnoyers, indicates the shores of a lake, 
or several small lakes communicating with each other, on the 
borders of which many species of Pachyderms wandered, and 
beasts of prey which occasionally devoured them. The tooth- 
marks of these last had been detected by paheontologists long 
before on the bones and skulls of Ralcotherca entombed in the 
gypsum. 

Imperfection of the Record. — These footmarks havo revealed 
to us new and unexpected proofs that the air-breathing fauna 
of the Upper Eocene period in Europe far surpassed in the 
number and variety of its species the largest estimate which had 
previously been formed of it. We may now feel sure that the 
mammalia, reptiles, and birds, which have left portions of their 
skeletons as memorials of their existence in the solid gypsum, 
constituted but a part of the then living creation. Similar 
inferences may be drawn from the study of the whole succession 
of geological records. In each district the monuments of j:>eriods 
embracing thousands, and probably in some instances hundreds 
of thousands of years, are totally wanting. Even in the volumes 
which are extant the greater number of the pages are missing 
in any given region, and where they are found they contain 
but few and casual entries of the physical events or living 
beings of the timos to which they relate. It may also be re- 
marked that the subordinate formations met with in two neigh- 
bouring countries, such as France and England, commonly 
classed as equivalents and referred to corresponding periods, 
may nevertheless have been by no means strictly coincident 
in date. Though called contemporaneous, it is probable that 
they were often separated by intervals of many thousands of 
years. We may compare them to double stars, such as the 
polar star, which appear single to the naked eye because seen 
from a vast distance in space, and which really belong to one 
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and the same stellar system, though occupying places in space 
extremely remote if estimated by our ordinary standard of ter- 
restrial measurements. 

Calcalre silieeux, or Travertin inferieur (A. 2 and 3, Table, 
p. 235). — This compact siliceous limestone extends over a wide 
area. It resembles a precipitate from the waters of mineral 
springs, and is often traversed by small empty sinuous cavities. 
It is, for the most part, devoid of organic remains, but in some 
places contains freshwater and land species, and never any 
marine fossils. The calcaire silieeux and the calcaire grossier 
usually occupy distinct parts of the Paris Basin, the one attaining 
its fullest development in those places where the other is of 
slight thickness. They are described by some writers as alter- 
nating with each other towards the centre of the basin, as at 
Sergy and Osny. 

The gypsum, with its associated marls before described, is in 
greatest force towards the centre of the basin, whero the calcaire 
grossier and calcaire silieeux are less fully developed. 

G-r&s de Beauchamp or Sables Moyens (A. 4, Table, p. 235). 
— In some parts of the Paris Basin, sands and marls, called the 
Gres de Beauchamp, or Sables moyens, divide the gypseous 
beds from the calcaire grossier proper. These sands, in which 
a small nummulite (N. variolar La) is very abundant, contain 
more than 300 species of marine shells, many of them peculiar, 
but others common to the next division. 

MIDDLE EOCENE FORMATIONS OF FRANCE. 

Calcaire Grossier, upper and middle (B. 1, Table, p. 235). — 
The upper division of this group consists in great part of beds of 
compact, fragile limestone, with some intercalated green marls. 
The shells in some parts are a mixture of Ccrithium , Cyclostoma , 
and Corbula ; in others Limnoca , Ccrithium, Paludina , &c. In 
the latter, the bones of reptiles and mammalia, Pahrotherium 
and Lophiodon , have been found. The middle division, or cal- 
caire grossier proper, consists of a coarse limestone, often passing 
into sand. It contains the greater number of the fossil shells 
which characterise the Paris Basin. No less than 400 distinct 
species have been procured from a single spot near Grignon, 
where they are embedded in a calcareous sand, chiefly formed 
of comminuted shells, in which, nevertheless, individuals in a 
perfect state of preservation, both of marine, terrestrial, and 
freshwater species, are mingled together. Some of the marine 
shells may have lived on the spot ; but the Cyclostoma and 
Limnoea being land and freshwater shells, must have been 
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brought thither by rivers and currents, and the quantity of tri- 
turated shells implies considerable movement in the waters. 

Nothing is more striking in this assemblage of fossil testacea 
than the great proportion of species referable to the genus 
Cerithium (see figures, p. 228). There occur no less than 137 
species of this genus in the Paris Basin, and almost all of them 
in the calcaire grossier. Most of the living Cerithia inhabit the 
sea near the mouths of rivers, where the waters are brackish ; 
so that their abundance in the marine strata now under con- 
sideration is in harmony with the hypothesis that the Paris 
Basin formed a gulf into which several rivers flowed. 


EOCENE FORAM1NIFERA. 

Fig. 223. Fig. 22C* Fig. 227. 



Calcar in a rarispiiu Spiral ina Menostoma , Trilocvlina inflat a, 

Dcsli. Desh. Dcsli. 

a . Natural wissc. 0. Magnified. 


In some parts of the calcaire grossier round Paris, certain 
beds occur of a stone used in building, and called by the French 
geologists 4 Miliolite limestone. ’ It is almost entirely made up 
of millions of microscopic shells, of the size of minute grains of 
sand, which all belong to the class Foraminifera. Figures of 
some of these are given in the annexed woodcut. As this 
miliolitic stone never occurs in the Faluns, or Upper Miocene 
strata of Brittany and Touraine, it often furnishes the geologist 
with a useful criterion for distinguishing the detached Eocene 
and Upper Miocene formations scattered over those and other 
adjoining provinces. The discoveiy of the remains of Paheo- 
tlierium and other mammalia in some of the upper beds of the cal- 
caire grossier shows that these land animals began to exist before 
the deposition of the overlying gypseous series had commenced. 

lower Calcaire grossier, or G-lauconie grossi&re (B. 1, 
Table, p. 235). — The lower part of the calcaire grossier, which 
often contains much green earth, is characterised at Auvers, near 
Pontoise, to the north of Paris, and still more in the environs 
of Compi&gne, by the abundance of nummulites, consisting 
chiefly of N. Ixvigata, N. scabra, and JV. Lamar cki, which con- 
stitute a large proportion of some of the stony strata, though 
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these same foraminifera are wanting in beds of similar age in 
the immediate environs of Paris. 

Solssonnais sands, or Zdts coquilliers (B. 2 , Table, p. 235). 
— Below the preceding formation shelly sands are seen, of con- 
siderable thickness, especially at Cuisse-Lamotte, near Com- 
piegne, and other localities in the Soissonnais, about fifty 
miles N.E. of Paris, from which about 300 species of shells 
have been obtained, many of them common to the calcairc 


grossier and the Bracklesham beds t)i)g 

of England, and many peculiar. 1 ^ 

The JVummulitcfi plchivlata is very 

abundant, and the most character- i ' j 

istic shell is the Nerita conoidea, %J %gr -Jr 

Lam., a fossil which has a very 

wide geographical range ; for, as _ c ?l w j* ca ’ .. 

M. d Archiac remarks, it accom- 
panies the nummulitic formation from Europe to India, having 
been found in Cutch, near the mouths of the Indus, associated 
with Nnmmnliies scabra. No less than 33 shells of this group 


are said to be identical with shells of the London clay proper ; 
yet, after visiting Cuisse-Lamotte and other localities of the 
‘ Sables inferieurs 9 of 1)’ Archiac, I agree with Mr. Prestwich 
that the latter are probably newer than the London clay, and 
perhaps older than the Bracklesham beds of England. The 
London clay seems to be unrepresented in the Paris Basin, 
unless partially so, by these sands. 1 


LOWER EOCENE FORMATIONS OF FRANCE. 

Argile plastique (C. 2, Table, p. 235). — At the base of the 
Tertiary system in France are extensive deposits of sands, with 
occasional beds of clay used for pottery, and called 1 argile plas- 
tique. ’ Fossil oysters (Ostrea bellovacina) abound in some places ; 
and in others there is a mixture of fluviatile shells, such as 
Cyrcna enneiformis (fig. 219, p. 251), Melania inquinata (fig. 
220), and others, frequently met with in beds occupying the 
same position in the London Basin. Layers of lignite also 
accompany the inferior clays and sands. 

Immediately upon the chalk at the bottom of all the tertiary 
strata in France there generally is a conglomerate or breccia of 
rolled and angular chalk-flints, cemented by siliceous sand. 
These beds appear to be of littoral origin, and imply the pre- 
vious emergence of the chalk, and its waste by denudation. In 
the year 1855, the tibia and femur of a large bird, equalling at 

1 D’ Archiac, Bulletin, tom. x. ; and Prestwich, Geol. Quart. Journ., 1847, 
p. 377. 
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least tlie ostrich in size, were found at Meudon, near Paris, at 
the base of the Plastic clay. This bird, to which the name of 
Gaatornis Parisiensis has been assigned, appears, from the 
Memoirs of MM. Hdbert, Lartet, and Owen, to belong to an 
extinct genus. Professor Owen refers it to the class of wading 
land birds rather than to an aquatic species. 1 

That a formation so much explored for economical purposes 
as the Argile plastique around Paris, and the clays and sands of 
corresponding age near London, should never have afforded any 
vestige of a feathered biped previously to the year 1855, shows 
what diligent search and what skill in osteological interpretation 
are required before the existence of birds of remote ages can 
be established. 

Sables de Bracheux (C. 3, Table, p. 235). — The marine sands 
called the Sables do Bracheux (a place near Beauvais) are con- 
sidered by M. Hebert to be older than the Lignites and Plastic 
clay, and to coincide in age with the Thanet Sands of England. 
At La Fere, in the Department of Aisne, in a deposit of this age, 
a fossil skull has been found of a quadruped called by Blainville 
Arctocyon primicvus, and supposed by him to be related both to 
the bear and to the Kinkajou (Ccrcolcptcs). This creature 
appears to bo the oldest known tertiary maminifer. 

Nummulitic formation of Europe, Asia, fee. - Of all the 
rocks of the Eocene period, no formations are of such great 
geographical importance as the Upper and Middle Eocene, as 
above defined, assuming that the older tertiary formation, com- 
monly called nummulitic, is correctly ascribed to this group. 
Jt appears that of more than fifty species of these foraminifera 
described by D’Archiac, one or two species only are found 
in other tertiary formations whether of older or newer date. 
Nummulites intermedia, a Middle Eocene form, ascends into 
the Lower Miocene, but it seems doubtful whether any species 
descends to the level of the London clay, still less to the 
Argile plastique or Woolwich beds. Separate groups of strata 
are often characterised by distinct species of nummulite ; thus 
the beds between the Lower Miocene and the Lower Eocene 
may be divided into three sections, distinguished by three 
different species of nummulites — N. variolaria in the upper, 
2V. laevigata in the middle, and AT. planulata in the lower beds. 
The nummulitic limestone of the Swiss Alps rises to more than 
10,000 feet above the level of the sea, and attains here and in 
other mountain-chains a thickness of several thousand feet. 
It may be said to play a far more conspicuous part than any 
other tertiary group in the solid framework of the earth’s crust, 

1 Quart. Geol. Jouru., vol. xii. p. 204. 1850. 



CH. XVI.] OF EUROPE, ASIA, AND AFRICA. 261 

whether in Europe, Asia, or Africa. It occurs in Algeria and 
Morocco, and has been traced from Egypt, where it was largely 
quarried of old for the building of the Pyramids, into Asia 
Minor, and across Persia by Bagdad to the mouths of the 
Indus. It has been observed not only in Cuteli, but in the 
mountain-ranges which separate Scinde from Persia, and which 
form the passes leading to Oaboul ; and it has been followed 
still farther eastward into India, as far as Eastern Bengal and 
the frontiers of China. 

Dr. T. Thomson found niunmulitcs in Western Thibet at an 
elevation of no less than 16,500 feet above the level of the sea. 
One of the species, which I myself found very abundant on the 
flanks of the Pyrenees, in a compact crystalline marble (fig. 220), 
is called by M. d’Arcliiac Nnnimulitex Puschi. The same is also 
very common in rocks of the same age in the Carpathians. In 
many distant countries, in Catch, for example, some of the same 
shells, such as Ncrita conoidea (fig. 228), accompany the num- 


Fig. 22!>. 



Nununulites Punch i, D'Archioo. Poj'rcliorade, Pyrenees. 
a. External surface of one of flic nnninmlites, of -which longitudinal soctions 
arc seen in the limestone. 0. Transverse section of same. 


mnlites, as in France. The opinion of many observers, that 
the Nummulitic formation belongs i>artly to the cretaceous era, 
seems chiefly to have arisen from confounding an allied genus, 
Orbitoides, with the true Nummulite. 

When we have once arrived at the conviction that the num- 
mulitic formation occupies a middle and upper place in the 
Eocene series, we are struck with the comparatively modem 
date to which some of the greatest revolutions in the physical 
geography of Europe, Asia, and Northern Africa must be re- 
ferred. All the mountain-chains, such as the Alps, Pyrenees, 
Carpathians, and Himalayas, into the composition of whoso 
central and loftiest parts the nummulitic strata enter bodily, 
could have had no existence till after the Middle Eocene period. 
During that period the sea prevailed where these chains now 
rise, for nummulites and their accompanying testacea were un- 
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questionably inhabitants of salt water. Before these events, 
comprising the conversion of a wide area from a sea to a con- 
tinent, England had been peopled, as I before pointed out 
(p. 248), by various quadrupeds, by herbivorous pachyderms, 
by insectivorous bats, and by opossums. 

Almost all the volcanoes which preserve any remains of 
their original form, or from the craters of which lava streams 
can be traced, are more modem than the Eocene fauna now 
under consideration; and besides these superficial monuments 
of the action of heat, Plutonic influences have worked vast 
changes in the texture of rocks within the same period. Some 
members of the nummulitic and overlying tertiary strata called 
flysch have actually been converted in the central Alps into 
crystalline rocks, and transformed into marble, quartz-rock, 
mica-schist, and gneiss. 1 

Bocene strata in the United States. — In North America 
the Eocene formations occupy a large area bordering the 
Atlantic, which increases in breadth and importance as it is 
traced southwards from Delaware and Maryland to Georgia and 
Alabama. They also occur in Louisiana and other states both 
east and west of the valley of the Mississippi. At Claiborne, 
in Alabama, no less than 400 species of marine shells, with 
many echinoderms and teeth of fish, characterise one member 
of this system. Among the shells, the Cardita planicosta, before 
mentioned (fig. 194, p. 243), is in abundance ; and this fossil 
and some others identical with European species, or very nearly 
allied to them, make it highly probable that the Claiborne beds 
agree in age with the central or Bracklesham group of England, 
and with the calcaire grossier of Paris. 2 

Higher in the series is a remarkable calcareous rock, formerly 
called 1 the nummulite limestone, ’ from the great number of 
discoid bodies resembling nummulites which it contains — fossils 
now referred by A. D’Orbigny to the genus OrbUoiden , which 
has been demonstrated by Dr. Carpenter to belong to the fora- 
minifera. 3 * That naturalist, moreover, is of opinion that the 
Orbitoides alluded to (0. Mantelli) is of the same species as one 
found in Cutch in the Middle Eocene or nummulitic formation 
of India. 

Above the orbitoidal limestone is a white limestone, some- 
times soft and argillaceous, but in parts very compact and cal- 

1 Murchison, Quart. Journ. of Second Visit to the United States 

Geol. Soc., vol. v., and Lyell, vol. vi. vol. ii. p. 51). * 

1850. Anniversary Address. 5 Quart. Journ. Geol. Soc., vol. vi 

» See paper by the Author, Quart, p. 32. 

Journ. Geol. Soc., vo\ iv. p. 12; and 
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careous. It contains several peculiar corals, and a large 
Nautilus allied to N. ziczac ; also in its upper bed a gigantic 
cetacean, called Zeuglodon by Owen. 1 

The colossal bones of this cetacean are so plentiful in the in- 
terior of Clarke County, Alabama, as to be characteristic of the 
formation. The vertebral column of one skeleton found by Dr. 
Buckley at a spot visited by me, extended to the length of nearly 
seventy feet, and not far off part of another backbone nearly fifty 
feet long was dug up. I obtained evidence, during a short excur- 
sion, of so many localities of this fossil animal within a distance 
of ten miles, as to lead me to conclude that they must have 
belonged to at least forty distinct individuals. 

Prof. Owen first pointed out that this huge animal was not 
reptilian, since each tooth was furnished with double roots 
(fig. 230), implanted in corresponding double sockets ; and his 


Fig. 2.10. 


Fig. 231. 



ZeuyloJon cetoides , Owen. 

Basiloscturus, Harlan, 

Molar tootb, natural size. Vertebra, reduced. 


opinion of the cetacean nature of the fossil was afterwards con- 
firmed by Dr. Wyman and Dr. R. W. Gibbes. That it was an 
extinct mammal of the whale tribe has since been placed beyond 
all doubt by the discovery of the entire skull of another fossil 
species of the same family, having the double occipital condyles 
only met with in mammals, and the convoluted tympanic bones 
which are characteristic of cetaceans. 

icu- S0C Memoir by W * Gibbcs > Journ. of Acad. Nat. Sci. Philad., vol. i. 
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SECONDARY OR MESOZOIC SERIES. 


CHAPTER XVII. 

UPPER CRETACEOUS GROUP. 

Lapse of time betwen Cretaceous and Eocene periods — Table of successive 
Cretaceous formations — Maestricht beds — Pisolitic limestone of France — 
Chalk of Faxoe — Geographical extent and origin of the White Chalk — 
Chalky matter now forming in the bed of the Atlantic — Marked difference 
between the Cretaceous and existing fauna — Chalk flints — Potstones of 
Horstead — Vitreous sponges in the Chalk — Isolated blocks of foreign rocks 
in the white chalk, supposed to be ioebornc — Distinctness of mineral 
character in contemporaneous rocks of the Cretaceous epoch — Fossils of 
the white chalk — Lower white chalk without flints — Chalk Marl and its 
fossils — Chloritic series or Upper Greensand — Coprolite bed near Cam- 
bridge — Fossils of the Chloritic series — Gault — Connection between Upper 
and Lower Cretaceous strata — Blackdown beds — Flora of the Upper 
Cretaceous Period — Ilippurite Limestone — Cretaceous rocks in the United 
States 

We have treated in the preceding chapters of the Tertiary or 
Cainozoic strata, and have next to speak of the Secondary or 
Mesozoic formations. The uppermost of these last is commonly 
called the chalk or the cretaceous formation, from creta , the Latin 
name for that remarkable white, earthy limestone which con- 
stitutes an upper member of the group in those parts of Europe 
where it was first studied. The marked discordance in the fossils 
of the tertiary, as compared with the cretaceous formations, has 
long induced many geologists to suspect that an indefinite series 
of ages elapsed between the respective periods of their origin. 
Measured, indeed, by such a standard — that is to say, by the 
amount of change in the Fauna and Flora of the earth Effected 
in the interval — the time between the Cretaceous and Eocene 
may have been as great as that between the Eocene and Recent 
periods, to the history of which the last seven chapters have 
been devoted. Several deposits have been met with here and 
there, in the course of the last half century, of an age interme- 
diate between the white chalk and the plastic clays and sands of 
the Paris and London districts — monuments which have the same 
kind of interest to a geologist which certain mediaeval records 
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excite when we study the history of nations. For both of them 
throw light on ages of darkness, preceded and followed by others 
of which the annals are comparatively well known to us. But 
these newly-discovered records do not fill up the wide gap, some 
of them being closely allied to the Eocene, and others to the 
Cretaceous type, while none appear as yet to possess so distinct 
and characteristic a fauna as may entitle them to hold an inde- 
pendent place in the great chronological series. 

Among the formations alluded to, the Thanet Sands of Prest- 
wich have been sufficiently described in the last chapter, and 
classed as Lower Eocene. To the same tertiary series belong 
the Belgian formations, called by Professor Dumont, Landenian. 
On the other hand, the Maestricht and Faxoe limestones arc 
very closely connected with the chalk, to which also the Piso- 
litic limestone of France is referable. 

Classification of the Cretaceous rocks. — The Cretaceous 
group has generally been divided into an Upper and a Lower 
series, the Upper called familiarly the chalk , and the Lower the 
greensand ; the one deriving its name from the predominance of 
white earthy limestone and marl, of which it consists in a great 
part of France and England, the other or Lower series from the 
plentiful mixture of green or chlorite grains contained in some 
of the sands and cherts of which it largely consists in the samo 
countries. But these mineral characters often fail, even when 
we attempt to follow out the same continuous subdivisions 
throughout a small portion of the north of Europe, and are 
worse than valueless when we desire to apply them to more 
distant regions. It is only by aid of the organic remains which 
characterise the successive marine subdivisions of the formation 
that we are able to recognise in remote countries, such as the 
south of Europe or North America, the formations which wero 
there contemporaneously in progress. To the English student 
of geology it will be sufficient to begin by enumerating those 
groups which characterise the series in this country and others 
immediately contiguous, alluding but slightly to those of more 
distant regions. In the annexed table it will be seen that I havo 
used the term Neocomian for that commonly called 4 Lower 
Greensand ; , this latter term being peculiarly objectionable 
because the green grains are an exception to the rule in many of 
the members of this group even in districts where it was first 
studied and named. M. Alcide D’Orbigny, in his valuable work 
entitled 4 PahSontologie Fran^aise,’ has adopted new terms for 
the French subdivisions of the Upper Cretaceous series, and 
these are now so generally used by foreign writers that the 
student should endeavour to remember their relation to the 
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English equivalents so far as it is possible to make them 
agree. 


UPPER CRETACEOUS OR CHALK PERIOD. 


English subdivisions. 

1. Maastricht Beds, Faxoe 
Limestone, and Pisolitic 
Limestone of France. 

2. Upper White Chalk, with 
flints. 

3. Lower White Chalk, with- 
out flints. 

4. Chalk Marl. 

ft. Cliloritic series (or Upper 
Greensand). 

0. Gault. 


French equivalents. 

1. Ft age Danien. 

2. Senonien in part. 

3. Senonien in part. 

4. Senonien in part and Tu- 
ronien. 

5. Cenoni anion. 

0. Albien. 


LOWER CRETACEOUS OR NEOCOMIAN. 


1 . 

2 . 

3. 


(Ncocomion ol tlic French.) 
Marine. 

Upper Nooconiian, see p. 292. 1 

Middle Neoeomian, see p. 29G. J- 
Lower Neoeomian, see p. 297. J 


Freshwater. 

Wealden Beds 
(upper part). 


Fig. 2:)-\ 


Maextricht Bids . — On the banks of the Meuse, at Maastricht, 
reposing on ordinary white chalk with flints, we find an upper 
calcareous formation about 100 feet thick, 
the fossils of which are, on the whole, 
very peculiar, and all distinct from Ter- 
tiary species. Some few are of species 
common to the inferior white chalk, 
among which may be mentioned Belem - 
nitella mucronata (fig. 232) and Pecten 
( piadricostatus , a shell regarded by many 
as a mere variety of P. quiiupicco status 
(see fig. 270, p. 284). Besides the Be- 
lcmnite there are other genera, such as 
BacuUtcs and Hamit cs never found in 
strata newer than the cretaceous, but fre- 



Jfelemaitella macron at , 

Maastricht. Faxoe, and 

O^or BaartfBhowing 0 Uentl y Iuet with in thoKO Maestricllt 
vascular impressions on beds. On the other hand, Valuta, Fas- 
iolaria , and other genera of univalve 


outer surface, with cha- 
racteristic slit, uiul mnci-o. 1 


b. Section of same, showing shells occur, which are usually met with 
place of pliragmoconc.- , . , , . . ^ 

only m tertiary strata. 


1 The Lower Cretaceous or Neoco- Neoeomian, being now but rarely 
mian is also called Neocomienby the used. 

French ; the name Aptien formerly ' l For particulars of structure, see 
adopted by D’Orbigny for the Upper p. 327. 
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The upper j>art of the rock, about 20 feet thick, as seen in St. 
Peter’s Mount, in the suburbs of Maestriclit, abounds in corals 
and Polyzoa, often detachable from the matrix ; and these beds 
are succeeded by a soft yellowish limestone 50 feet thick; exten- 
sively quarried from time immemorial for building. The stone 
below is whiter, and contains occasional nodules of grey chert 
or chalcedony. 

M. Bosquet, with whom I examined this formation (August, 
1850), pointed out to me a layer of chalk from two to four 
inches thick, containing green earth and numerous encrinital 
stems, which forms the line of demarcation between the strata 


Fi' r . 



* 


Mositsiturus Cumperi. Original more tlmn three ficb lon£. 


Pi-. 231. 


containing the fossils peculiar to Maestriclit and the white chalk 
below. The latter is distinguished by regular layers of black 
flint in nodules, and by shells, such 
as Terebratnla canica (see fig. 252, p. 

277), wholly wanting in beds higher 
than the green band. Some of the 
organic remains, however, for which 
St. Peter’s Mount is celebrated, occur 
both above and below that parting, 
layer, and, among others, the great 
marine rej>tile called Mommurus (see 
fig. 233), a saurian supposed to have 

been 24 feet in length, of which the Chalk of Maostvioht and white 
entire sknll and a great part of the chalk, 

skeleton have been found. Such remains are chiefly met with 
in the soft freestone, the principal member of the Maestriclit 
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beds. Among the fossils common to the Maestricht and white 
chalk may be instanced the echinoderm (fig. 234). 

I saw proofs of the previous denudation of the white chalk 
exhibited in the lower bed of the Maestricht formation in 
Belgium, about 30 miles S.W. of Maestricht, at the village of 
Jendrain, where the base of the newer deposit consisted chiefly 
of a layer of well-rolled, black, clialk-flint pebbles, in the midst 
of which perfect specimens of Thccidea pappillata and BdemnitcUa 
mucronata are embedded. To a geologist accustomed in England 
to regard rolled pebbles of clialk-flint as a common and distinctive 
feature of tertiary beds of different ages, it is a new and surpris- 
ing phenomenon to behold strata made up of such materials and 
yet to feel no doubt that they were accumulated in a sea in which 
the belemnite and other cretaceous mollusca flourished. 

Pisolitic limestone of France. — Geologists were for many 
years at variance respecting the chronological relations of this 
rock, which is met with in the neighbourhood of Paris, and at 
places north, south, east, and west of that metropolis, as be- 
tween Vortus and Laversines, Meudon and Montereau. By 
many able paleontologists the species of fossils, more than 50 
in number, were declared to be more Eocene in their appear- 
ance than Cretaceous. But M. Hebert found in this formation 
at Montereau near Paris, the Pecte > i <p uu Iricosta tus, a well-known 
Cretaceous species, together with some other fossils common to 
the Maestricht chalk and to the Baculite limestone of the Co- 
tentin in Normandy. He therefore, as well as M. Alcide d’Or- 
bigny, who had carefully studied the fossils, came to the opinion 
that it was an uj>per member of the Cretaceous group. It is 
usually in the form of a coarse yellowish or whitish limestone, 
and the total thickness of the series of beds already known is 
about 100 feet. Its geographical range, according to M. Hebert, 
is not less than 45 leagues from east to west, and 35 from north 
to south. Within these limits it occurs in small patches only, 
resting unconformably on the white chalk. 

The Nautilus Danin is (fig. 23G), and two or three other 
species found in this rock, are frequent in that of Faxoe in 
Denmark, but as yet no Ammonites, Hamites, Scapliites, Tur- 
rilites, Baculites, or Hippurites have been met with. The pro- 
portion of peculiar species, many of them of tertiary aspect, is 
confessedly large ; and great aqueous erosion suffered by the 
white chalk, before the pisolitic limestone was formed, affords 
an additional indication of the two deposits being widely sepa- 
rated in time. The pisolitic formation, therefore, may eventu- 
ally prove to be somewhat more intermediate in date between 
the secondary and tertiary epochs than the Maestricht rock. 
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Chalk of Faxoe. — In the island of Seeland, in Denmark, the 
newest member of the chalk series, seen in the sea-cliffs at 
Stevensklint resting on white chalk with flints, is a yellow lime- 
stone, a portion of which, at Faxoe, where it is used as a build- 
ing-stone, is composed of corals, even more conspicuously than 
is usually observed in recent coral reefs. It has been quarried 
to the depth of more than 40 feet, but its thickness is unknown. 
The embedded shells are chiefly casts, many of them of univalve 
mollusca, which are usually very rare in the white chalk of 
Europe. Thus, there are two species of Cypr&a, one of Oliva , 
two of Mitra , four of the genus Cerithimn , six of Fusus, two of 
Trochus, one of Patella, one of Emaryinula, Ac. ; on the whole, 
more than thirty univalves, spiral or jxatelliform. At the same 
time, some of the accompanying bivalve shells, ecliinoderms, 
and zoophytes are specifically identical with fossils of the true 
Cretaceous series. Among the cephalopoda of Faxoe may be 
mentioned Baculites Favjasii (fig. 235), and Belemnitella mucro- 

FJg. 235. 


© 


Tortion of Vacuities 
Faujasil , Sow. 

Macstriclit and Faxoe 
beds and white chalk. 

nata (fig. 232, p. 266), shells of the white chalk. The Nautilus 
Ihmicus (see fig. 236) is characteristic of this formation ; and it 
also occurs in France in the calcaire pisolitiquc of Laversin 
(Department of Oise). The claws and entire skull of a small 
crab, Brachyurus mgosus (Schlott.), are scattered through the 
Faxoe stone, reminding us of similar crustaceans enclosed in the 
rocks of modern coral reefs. Some small portions of this coral 
formation consist of white earthy chalk. 

Composition, extent, and origin of the White Cbalk. — The 
highest beds of chalk in England and France consist of a pure, 
white calcareous mass, usually too soft for a building-stone, but 
sometimes passing into a more solid state. It consists, almost 
purely, of carbonate of lime ; the stratification is often obscure, 
except where rendered distinct by interstratified layers of flint, 
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a few inches thick, occasionally in continuous beds, but oftener 
in nodules, and recurring at intervals generally from two to four 
feet distant from each other. This upper 
chalk is usually succeeded, in the descending 
order, by a great mass of white chalk with- 
out flints, below which comes the chalk marl, 
in which there is a slight admixture of argil- 
laceous matter. The united thickness of the 
three divisions in the south of England 
equals, in some places, 1,000 feet. The an- 
nexed section (fig. 237) will show the manner 
; in which the white chalk extends from 
\ England into France, covered by the ter- 
< tiary strata described in former chapters, 
1 and reposing on lower cretaceous beds. 

1 The area ovor which the white chalk 
preserves a nearly homogeneous asj^ect is so 
vast, that the earlier geologists despaired of 
discovering any analogous dejmsits of recent 
date. Pure chalk, of nearly uniform aspect 
and composition, is met with in a north-west 
and south-east direction, from the north of 
Ireland to the Crimea, a distance of about 
3,140 geographical miles ; and in an opposite 
direction it extends from the south of Sweden 
to the south of Bordeaux, a distance of about 
840 geographical miles. In southern Russia, 
according to Sir R. Murchison, it is some- 
times GOO feet thick, and retains the same 
mineral character as in France and England 
with the same fossils, including Inoceramus 
Cuvier l, Bdcmnitella mncronala , and Ostrea 
vesicnlaris (fig. 257, p. 278). 

Much light has recently been thrown upon 
the origin of the unconsolidated white chalk 
by the deep soundings made in the North 
Atlantic, previous to laying down, in 1858, 
the electric telegraph between Ireland and 
Newfoundland. At depths sometimes ex- 
ceeding two miles, the mud forming the floor 
of the ocean was found, by Professor Huxley, 
to be almost entirely composed (more than 
nineteen-twentieths of the whole) of minute 
Rhizopods or foraminiferal shells of the genus Globigerina , 
especially the species Globujerina bulloides (see fig. 238). The 
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organic bodies next in quantity were the siliceous shells 
called PolycystineXj and next to them the siliceous skeletons of 
plants called Diatomacesc (figs. 239, 240, 241), and occasionally 
some siliceous spiculce of sponges (fig. 242) were intermixed. 
These were connected by a mass of living gelatinous matter to 


Fig. 238. Fig. 230. Fig. 240. Fig. 241. Fig. 242. 



Organic bodies forming the ooze of the lied of the Atlantic at great depths. 

Fig. 238. (llohu/crina hullo ides. Calcareous Jihi~oj>od. 

230. Actinocuclus. i 

240. Pinnularia. j- Siliceous Duilomacca;. 

241. Kunotia hitlens. ) 

242. Spicula of sponge. Siliceous spouye. 

which he has given the name of Bathybius , and which contains 
abundance of very minute bodies termed Coccolitlis and Cocco- 
splieres, which have also been detected fossil in chalk, though 
their true nature is not yet made out. 

Sir Leopold MacOlintock and Dr. Wallioh have ascertained 
that 95 per cent, of the mud of a large part of the North 
Atlantic consists of the shells of Globigerina. But Capt. Bullock, 
B.N., lately brought up from the enormous depth of 3 (>,800 feet 
a white, viscid, chalky mud, wholly devoid of Grlobigerinee. 
This mud was perfectly homogeneous in composition, and con- 
tained no organic remains visible to the naked eye. Mr. Ethe- 
ridge, however, has ascertained by microscopical examination 
that it is made up of Coccolitlis , J)iscoliths y and other minute 
fossils like those of the Chalk classed by Huxley as Bathybius , 
when this term is used in its widest sense. This white mud, 
more than three miles deep, was dredged up in lat. 20° 19' N., 
long. 4° 36' E., or about midway between Madeira and the 
Cape of Good Hope. 

The recent deep-sea dredgings in the Atlantic conducted by 
Dr. Wyville Thomson, 1 Dr. Carpenter, Mr. Gwyn Jellreys, and 
others have shown that on the same white mud there sometimes 
flourish Mollusca, Crustacea and Echinoderms, besides abun- 
dance of siliceous sponges, forming on the whole a marine fauna 
bearing a striking resemblance in its general character to that 
of the ancient chalk. 

1 An interesting account of the admirable work ‘The Depths of the 
results of the dredging cruises will Sea.’ 187 6 . 
be found in Dr. Wyville Thomson’s 
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Popular error as to the geological continuity of the Cre- 
taceous period. — We must be careful, however, not to overrate 
the points of resemblance which the deep-sea investigations 
have placed in a strong light. They have been supposed by 
some naturalists to warrant a conclusion expressed in these 
words : ‘ we are still living in the Cretaceous epoch * ; a doc- 
trine wliich lias led to much popular delusion as to the bear- 
ing of the new facts on geological reasoning and classification. 
The reader should be reminded that in geology we have been in 
the habit of founding our great chronological divisions, not on 
foraminifera and sponges, nor even on echinoderms and corals, 
but on the remains of the most highly organised beings avail- 
able to us, such as the mollusca ; these being met with, as above 
explained (p. 119), in stratified rocks of almost every age. In 
dealing with the mollusca, it is those of the highest or most 
specialised organisation which afford us the best characters in 
proportion as their vertical range is the most limited. Thus the 
Cephalopoda arc the most valuable as having a more restricted 
range in time than the Gasteropoda, and these again are more 
characteristic of the particular strati graphical subdivisions than 
are the Lamellibrancliiatc Bivalves, while these last again are 
more serviceable in classification than the Bracliiopoda, a still 
lower class of sliell-lish, which are the most enduring of all. 

When told that the new dredgings prove that ‘ we are still 
living in the Chalk Period/ we naturally ask whether some 
cuttle-fish has been found with a beleinnite forming part of its 
internal framework ; or have Ammonites, Baculites, Hamites, 
Turrilites, with four or five other Ceplialopodous genera charac- 
teristic of the chalk and unknown as tertiary, been met with in 
the abysses of the ocean ? Or, in the absence of these long- 
extinct forms, has a single spiral univalve, or species of Creta- 
ceous Gasteropod, been found living l Or, to descend still lower 
in the scale, litis some characteristic Cretaceous genus of La- 
mellibrancliiata, such as the Inoceramus, or Hippurite, foreign 
to the Tertiary seas, been proved to have survived down to our 
time l Or of the numerous genera of Lamellibranchiata common 
to the Cretaceous and Recent seas, Inis one species been found 
living l The answer to all these cpiestions is — not one has 
been found. Even amongst the lowly-organised Brachiopods, 
no species common to the Cretaceous and Recent seas has yet 
been met with. It has been very generally admitted by con- 
cliologists that out of a hundred species of this tribe occurring 
fossil in the Upper Chalk — one and one only, Tcrebratulina 
striata , is still Irving, being thought to be identical with Tere- 
bratula caput- serpent is. Although this identity is still ques- 
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tioned by some naturalists of authority, it would certainly not 
surprise us if other 4 lamp-shells ? of equal antiquity shouid be 
met with in the deep sea. 

Had it been declared that we are living in the Eocene epoch, 
the idea would not be so extravagant, for the great reptiles of 
the Upper Chalk, the Mosasaurus, Pliosaurus, and Pterodac- 
tyle, and many others, as well as so many genera of chambered 
univalves, had already disappeared from the earth, and the 
marine fauna had made a greater approach to our own by 
nearly the entire difference which separates it from the fauna 
of the Cretaceous seas. The Eocene nummulitic limestone of 
Egypt is a rock mainly composed, like the more ancient 
white chalk, of globigerine and textularian mud ; and if the 
reader will refer to what we have said of the extent to which 
the nummulitic marine strata, formed originally at the bottom 
of the sea, now form part of the framework of mountain chains 
of the principal continents, he will at once perceive that the 
present Atlantic, Pacific, and Indian Oceans are geographical 
terms, which must be wholly without meaning when applied to 
the Eocene, and still more to the Cretaceous Period ; so that to 
talk of the chalk having been uninterruptedly forming in the 
Atlantic from the Cretaceous Period to our own, is as inad- 
missible in a geographical as in a geological sense. 

Chalk, flints. — The origin of the layers of flint, whether in 
the form of nodules, or continuous sheets, or in veins or cracks 
not parallel to the stratification, has always been more difficult 
to explain than that of the white chalk. But here again the 
late deep-sea soundings have suggested a possible source of such 
mineral matter. During the cruise of the 1 Bulldog/ already 
alluded to, it was ascertained that while the calcareous Globi - 
geriuie had almost exclusive possession of certain tracts of the 
sea-bottom, they were wholly wanting in others, as between 
Greenland and Labrador. According to Dr. Wallich, they may 
flourish in those spaces where they derive nutriment from 
organic and other matter, brought from the south by the warm 
waters of the Gulf Stream, and they may bo absent where the 
effects of that great current are not felt. Now in several of 
the spaces where the calcareous Itliizopods are wanting, certain 
microscopic plants, called JJiatomacese , above mentioned (figs. 
230-241), the solid parts of which are siliceous, monopolise the 
area at a depth of nearly 400 fathoms, or 2,400 feet. 

The large quantities of silex in solution required for the for- 
mation of these plants may probably arise from the disintegra- 
tion of felspathic rocks, which are universally distributed. As 
more than half of their bulk is formed of siliceous earth, they 
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may afford an endless supply of silica to all the great rivers which 
flow into the ocean. We may imagine that after a lapse of many 
years or centuries, changes took place in the direction of the 
marine currents, favouring at one time a supply in the same 
area of siliceous, and at another of calcareous matter in excess, 
giving rise in the one case to a preponderance of Diatomacefe, 
and in the other of Globigerinm. These last, together with 
certain sponges, may by their decomposition have furnished the 
silex, which, separating from the chalky mud, collected round 
organic bodies, or formed nodules or filled shrinkage cracks. 

Potstones. Vitreous sponges of tlie Chalk. — A more 
difficult enigma is presented by the occurrence of certain huge 
flints, or potstones, as they are called in Norfolk, occurring 
singly, or arranged in nearly continuous columns at right angles 


Fig. 24 3. 



From a drawing by Mrs. Cfitnu. 

View of a chalk-pit at Horsteod, near Norwich, showing the position of the 
potstones. 


to the ordinary and horizontal layers of small flints. 1 visited 
in the year 1825 an extensive range of quarries then open on 
the river Bure, near Horstead, about six miles from Norwich, 
which afforded a continuous section, a quarter of a mile in 
length, of white chalk, exposed to the dc}>th of about twenty- 
six feet, and covered by a bed of gravel. The potstones, many 
of them pear-shaped, were usually about three feet in height 
and one foot in their transverso diameter, placed in vertical 
rows, like pillars, at irregular distances from each other, but 
usually from twenty to thirty feet apart, though sometimes 
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nearer together, as in the above sketch. These rows did not 
terminate downwards in any instance which I could examine, 
nor upwards, except at the point where they were cut off 
abruptly by the bed of gravel. On breaking open the pot- 
stones, I found an internal cylindrical nucleus of imre chalk, 
much harder than the ordinary surrounding chalk, and not 
crumbling to pieces, like it, when exposed to the winter’s frost. 
At the distance of half a mile, the vertical piles of potstones 


were much farther apart from each other. Dr. Buckland has 
described very similar phenomena as characterising the white 
chalk on the north coast of Antrim, in Ireland. 1 These pear- 
shaped masses of flint often resemble in shape and size tho 
large sponges called Neptune’s Cups (Spang ia patera, Hardw.), 
which grow in the seas of Sumatra ; and if we could suppose 
a series of such gigantic sponges to be separated from each 
other, like trees in a forest, and the individuals of each suc- 
cessive generation to grow on the exact spot where the parent 
sponge died and was enveloped in calcareous mud, so that they 
should become piled one above the other in a vertical column, 
their growth keeping pace with the accumulation of the envelop- 
ing calcareous mud, a counterpart of the phenomena of the 
Horstead potstones might be obtained. 

Professor Wyville Thomson, describing the modern soundings 
in 18G9 off the north coast of S« tland, speaks of the ooze or 


chalk mud brought from a depth of 
about 3,000 feet, and states that at one 
haul they obtained forty specimens 
of vitreous sponges buried in the mud. 
He suggests that the Ventriculites of 
the chalk were nearly allied to these 
sponges, and that when the silica of 
their spicules was removed, and was 
dissolved out of the calcareous matrix, 
it set into flint. 2 

Boulders and groups of pebbles 
in chalk. — The occurrence here and 
there in the white chalk of the south 
of England of isolated pebbles of 
quartz and green schist has justly 
excited much wonder. Tt was at first 
supposed that they had been dropped 
from the roots of some floating tree, 


1'iV. 2N. 



Ventriculites riuliatus. MuiitL‘11. 
Syn. Ocellar ia rail tala. D'Orb. 


by which means stones are carried to White chalk. 


1 Ged. Trans., 1st Series, vol. iv. p. 413. 

2 See also * Depths of the Sea,’ 1873, p. 4 62 . 
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some of tlie small coral islands of the Pacific. But the discovery 
in 1857 of a group of stones in the white chalk near Croydon, 
the largest of which was syenite and weighed about forty 
pounds, accompanied by pebbles and fine sand like that of a 
beach, has been shown by Mr. Godwin Austen to be inexplicable 
except by the agency of floating ice. If we consider that ice- 
bergs now reach 40° north latitude in the Atlantic, and several 
degrees nearer the equator in the southern hemisphere, we can 
the more easily believe that even during the Cretaceous epoch, 
assuming that the climate was milder, fragments of coast ice 
may have floated occasionally as far as the south of England. 

Distinctness of mineral character in contemporaneous 
rocks of the Cretaceous period. — But we must not imagine 
that because pebbles are so rare in the white chalk of England 
and France there are no proofs of sand, shingle, and clay 
having been accumulated contemporaneously even in European 
seas. The siliceous sandstone, called ‘ upper quader 9 by the 
Germans, overlies white argillaceous chalk, or ‘ planer-kalk,’ a 
deposit resembling in composition and organic remains the 
chalk marl of the English series. This sandstone contains as 
many fossil shells common to our white chalk as could be 
expected in a sea-bottom formed of such different materials. 
It sometimes attains a thickness of GOO feet, and, by its jointed 
structure and vertical precipices, plays a conspicuous part in the 
picturesque scenery of Saxon Switzerland, near Dresden. It 
demonstrates that in the Cretaceous sea, as in our own, distinct 
mineral deposits were simultaneously in progress. The quartzose 
sandstone alluded to, derived from the detritus of the neigh- 
bouring granite, is absolutely devoid of carbonate of lime, yet 
it was formed at the distance only of four hundred miles from a 
sea-bottom now constituting part of France, where the purely 
calcareous white chalk was forming. In the North American 


Fig. 245. 



A nan chutes a rains, Lefike. White chalk, tipper and lower. 
a* Side view. b. Ease of the shell on which both the oral and anal apertures are 
placed ; the anal being more round, and at the smaller end. 

continent, on the other hand, where the Upper Cretaceous for- 
mations are so widely developed, true white chalk, in the ordi- 
nary sense of that term, does not exist. 
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Fossils of tbe White Chalk. — Among the fossils of the 
white chalk, echinoderms are very numerous ; and some of the 
genera, like Ananchytes (see fig. 245), ‘ are exclusively cretaceous. 


Fig. 24 G. 



Micrastei' cor-anguinum, 
Leskc. White chalk. 


Fig. 247. 



Gale rites albogalerus, Lam. 
White chalk. 


Fig. 248. 



Mar sv piles Milleri, 
Mant. White chalk. 


Fig. 249. 


Fig. 250. 



Terebratulina striata , RhynchoneUa 
Walilenl). oetopHcata, Sow. 

Upper white chulk. (Var. of 11. plicatilis.) 

Upper white chalk. 



Fig. 251. 




Magas pamila , 
Sow. 

Upper white 
chalk. 


Fig. 252. 



Terebratula carnea 
Sow . 

Upper white chalk 


Fig. 258. Fig. 254. 



Terebratula Crania Parisicnsis, 

biplicata, Duf. Inferior 

Jlrocchi. or attached valve. 
Upper Upper white chalk. 
Cretaceous. 


Fig. 255. 



Peeler Hearer i, Sow. 
Reduced to one- 
third diameter. 
Lower white chalk 
and chalk marl. 


Fig. 250. 



Lima, spinasa , Sow. 
Syn. Spondiilus spinosus. 
Upper white clmllc. 


Among the Crinoidea, the Marsupiics (fig. 248) is a characteristic 
genus. Among the mollusca, tlie cephalopoda are represented 
by Ammonites, Baculites (fig. 235, p. 269), and Belemnites (fig. 
232, p. 266). Although there are eight or more species of Am- 
monites and six of them peculiar to it, this genus is much less 
fully represented than in each of the other subdivisions of the 
Upper Cretaceous group. 



Jiadiotitcs Morton i, Mantell. Houghton, Sussex. White chalk. 

Diameter one-seventh nat. size. 

Fig. 259. Two individuals deprived of their upper valves, adhering together. 

200. Same seen from above. 

201. Transverse section of part of the wall of the shell, magnified to show the 

structure. 

202. Vertical section of the same. 

On the side whore the shell is thinnest, there is one external furrow and corre- 
sponding internal ridge, a, b, tigs. 259, 200 ; but they are usually less prominent 
than in these figures. The upper or opercular valve is wanting. 

dated some forms of oyster (see fig. 257), and other bivalves 
(figs. 255, 250). 
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Among the bivalve mollusca, no form marks the Cretaceous 
era in Europe, America, and India in a more striking manner 



Fig. 2C3. 



Eschar a disticha . White chalk. 
a. Natural size. b. Portion magnified. 


than the extinct genus Iuoccramns ( Catlllns of Lam. ; see fig. 
258), the shells of which are distinguished by a fibrous texture, 



Fig. 204. 

b ~ _ ii-t; 


A.. 


a. Natural size. 

b. Part of the same magnified. 

White chalk. 


and are often met with in fragments, having probably been 
extremely friable. 

Fig. 205. 

l>. a. 



A branching sponge in a flint, from the white chalk. 
From the collection of Mr. Bower bank. 


Of the singular order called Iludides , by Lamarck, hereafter 
to be mentioned, as extremely characteristic of the chalk of 
southern Europe, one species only (fig. 259) has been discovered 
in the white chalk of England. 

The general absence of univalve mollusca in the white chalk 
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is very marked. Of polyzoa there is an abundance, such as 
Eschara and Eschar ina (figs. 263, 264). These and other organic 
bodies, especially sj)onges, such as Ventriculites (fig. 244, p. 275), 
are dispersed indifferently through the soft chalk and hard flint, 
and some of the flinty nodules owe their irregular forms to en- 
closed sponges, such as fig. 265, a, where the hollows in the 
exterior are caused by the branches of a sponge (fig. 265, h), 
soen on breaking open the flint. 

The remains of fishes of the Upper Cretaceous formations 
consist chiefly of teeth belonging to the shark family. Some 
of the genera are common to the Tertiary formations , but many 
are distinct. To the latter belongs the genus Ptychodus (fig. 
266), which is allied to the living Port Jackson shark, Cestra- 
ciun Phillippi , the anterior teeth of which (see fig. 267, a) arc 



Palatal tooth of 
Ptychodus <hrurrens. 
Lower white chalk. 
Maidstone. 


Pig. 2G7. 



Cistracion I’hillippi ; recent. 

Tort Jackson. Bucklaml. Bridgwater Treatise, PI. 27, d. 


sharp and cutting, while the posterior or palatal teeth (b) are 
flat (fig. 266). But we meet with no bones of land animals, 
nor any terrestrial or fluviatile shells, nor any plants, except 
sea-weeds, and here and there a piece of drift-wood. All 
the appearances concur in leading us to conclude that the 
white chalk was the product of an open sea of considerable 
depth. 

The existence of turtles and oviparous saurians, and of a 
Pterodactyl or winged lizard, found in the white chalk of Maid- 
stone, implies, no doubt, some neighbouring land ; but a few 
small islets in mid-ocean, like Ascension, formerly so much 
frequented by migratory droves of turtle, might perhaps have 
afforded the required retreat where tlieso creatures laid their 
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eggs in the sand, or from which the flying species may have 
been blown out to sea. Of the vegetation of sucli islands we 
have scarcely any indication, but it consisted partly of cyca- 
daceons plants ; for a fragment of one of these was found by 
Capt. Ibbetson in the Chalk Marl of the Isle of Wight, and is 
referred by A. Brongniart to Clathraria Lyellii (Mantell), a species 
common to the antecedent Wealden period. The fossil plants, 
however, of beds corresponding in age to the white chalk at 
Aix-la-Chapelle, presently to be described, like the sandy beds 
of Saxony, before alluded to (p. 276), afford such evidence of 
land as to prove how vague must be any efforts of ours to 
restore the geography of that period. 

The Pterodactyl of the Kentish chalk, above alluded to, was 
of gigantic dimensions, measuring 1G feet 6 inches from tip to 
tip of its outstretched wings. Some of its ocs. 

elongated bones were at first mistaken by 03* 
able anatomists for those of birds ; of 
which class no osseous remains have as OgB 
yet been derived from the white chalk, 
although they have been found (as will 
be seen at page 283) in the Cliloritic sand. 

The collector of fossils from the white 
chalk was formerly puzzled by meeting vP^ 
with certain bodies which were called Coprolitus of fisii, from the 
larch-cones, which were afterwards recog- 

nised by Dr. Buckland to be the excrement of fish (see fig. 208). 
They are composed in great part of phosphate of lime. 

&ower White Chalk — The Lower White Chalk, which is 
several hundred feet thick, without flints, has yielded 25 species 


DacuUtes anceps, Lam. Lower chalk. 


of Ammonites, of which half are peculiar to it. The genera 
Baculite, Hamite, Scaphite, Turrilite, Nautilus, Belemnitella, 
and Belemnite, are also represented. 

Chalk Marl. — The lower chalk without flints passes gradually 
downwards, in the south of England, into an argillaceous lime- 
stone, ‘ the chalk marl/ already alluded to (p. 282). It contains 
32 species of Ammonites, 7 of which are peculiar to it, while 
11 pass up into the overlying lower white chalk. A. Rhoto- 
mayensis (fig. 270) is characteristic of this formation. Among 
the British cephalopods of other genera may be mentioned 
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Scaphites fequalis (fig. 272) and the spiral and sinistral Turrilites 
costatns (fig. 271). 

Fig. 270. 



A inn ion i/rs Jlhotoiuayensis. Chalk marl. Back and side view. 


Fig. 271. Fig. 272. 



Turrilites coslatus , Lam. Lower chalk and chalk marl. 
a. Section, showing the foliated border of the sutures of the chambers. 

Cbloritic series (or Upper Greensand). — According to the 
old nomenclature, this subdivision of the chalk was called Upper 
Greensand, in order to distinguish it from those members of the 
Neocomian or Lower Cretaceous series below the Gault to which 
the name of Greensand had been applied. Besides the reasons 
before given (p. 205) for abandoning this nomenclature, it is 
objectionable in this instance as leading the uninitiated to sup- 
pose that the divisions thus named, Upper and Lower Green- 
sand, are of co-ordinate value, instead of which the chloritic 
sand is quite a subordinate member of the Upper Cretaceous 
group, and the term Greensand has very commonly been used 
for the whole of the Lower Cretaceous rocks, which are almost 
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comparable in importance to the entire Upper Cretaceous series. 
The higher portion of the Chloritic series in some districts has 
been called chloritic marl, from its consisting of a chalky marl 
with chloritic grains. In parts of Surrey where calcareous 
matter is largely intermixed with sand, it forms a stone called 
malm-rock or fire-stone. In the cliffs of the southern coast of 
the Isle of Wight it contains bands of calcareous limestone with 
nodules of chert. 

Coprolite bed. — The so-called co]">rolite bed, found near Farn- 
ham, in Surrey, and near Cambridge, contains nodules of phos- 
phate of lime in such abundance as to he largely worked for the 
manufacture of artificial manure. It belongs to the lower jiart 
of the chloritic series, and is doubtless cliiclly of animal origin, 
and may perhaps be partly euprolitic, derived from the excre- 
ment of fisli and reptiles. The late Mr. Barrett discovered in 
it, near Cambridge, in 1858, the remains of a bird, which was 
rather larger than the common pigeon, and probably of the 
order Natatorcs, and which, like most of the Gull tribe, had 
well-developed wings. Portions of the tibia, femur, and some 
other bones have been detected, and the determinations of Mr. 
Barrett have been confirmed by Professor Owen. 

The pliosphatie bed in the suburbs of Cambridge must have 
been formed partly by the denudation of pre-existing rocks, 
mostly of Lower Cretaceous age. The fossil shells and bones of 
animals washed out of these denuded strata, especially the Gault, 
now forming a layer only a few feet thick, have yielded a rich 
harvest to the collector. A large Badiolite of the order Budistes, 
no less than two feet in height, may be seen in the Cambridge 
Museum, obtained from this bed. The number of reptilian re- 
mains, all apparently of Cretaceous age, is truly surprising ; 
more than ten species of Pterodactyle, five or six of Icthyosaurus, 
Fj’ir. 273. Fig. 274. 



Oslrea colttmba. 

Syn. Clrtjpluva columba. 
Chloritic sand. 


Ostvea carinata. 

Chalk marl and chloritic sand. Neocomian. 


one of Pliosaurus, one of Dinosaurus, eight of Cliolonian, besides 
other forms, having been recognised. 

The chloritic sand is regarded by many geologists as a littoral 
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deposit of the Chalk Ocean, and, therefore, contemporaneous 
with part of the chalk marl, and even, perhaps, with some part 
of the white chalk. For, as the land went oil sinking, and the 
cretaceous sea widened its area, white mud and cliloritic sand 
were always forming somewhere, but the line of sea-shore was 
perjietually shifting its position. Hence, though both sand and 
mud originated simultaneously, the one near the land, the other 
far from it, the sands in every locality where a shore became 
submerged might constitute the underlying deposit. 

Among the characteristic mollusca of the chloritic sand may 
be mentioned Tercbrirostra lyra (tig. 275), Lima (Playiostoma) 
Fig. 27 a. 



Tcrebnroxft a t t/rn , Sow. lwton r, -costa t ns. Limn ( I'Uutio&toma ) Honor i , Sow. 

(Jilomu- wind Lower white chalk and S.yn. Lima Ho/wri. White 

and marl. chloritic series. chalk and chloritic marl. 

JTopcri (fig. 277), PecUn quiaquecostaims (tig. 270), and Outre a 
columba (fig. 273). 

The cephaloi>oda are abundant, among which 40 species of 
Ammonites are now known, 10 being peculiar to this sub-divi- 
sion, and tlio rest common to tlie beds immediately above or 
below. 

Fig. 278. 



Ancyloceras sjnnitjennn , D’Orb. Syn. Humitcs sjnnbjer, Sow. 

Near Folkestone, lianlt. 

Gault. — The lowest member of the Upper Cretaceous group, 
usually about 100 feet thick in the S.E, of England, is provin- 
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cially termed Gault. It consists of a dark blue marl, sometimes 
intermixed with greensand. Many peculiar forms of cephalo- 
poda, such as Hamites (fig. 278), and Ncaphites, with remarkable 
Ammonites and other fossils, characterise this formation, which, 
small as is its thickness, can be traced by its organic remains to 
distant parts of Europe, as, for example, to the Alps. 

21 species of Ammonites are recorded as found in the Gault 
of England, of which only 8 are peculiar to it, 10 being common 
to the overlying Cliloritic series. 

Connection between XJpper and lower Cretaceous strata 
— Blackdown Beds. — The break between the Upper and Lower 
Cretaceous formations will be appreciated when it is stated that, 
although the Neocomian contains 31 s])ecies of Ammonites, and 
the Gault, as we have seen, 23, there are only 8 of these common 
to both divisions. Nevertheless, we may expect the discovery 
in England, and still more when we extend our survey to the 
Continent, of beds of passage intermediate between the Upper 
and Lower Cretaceous. Even now the Blackdown beds in 
Devonshire, which rest immediately onTriassic strata, and which 
evidently belong to some part of the Cretaceous scries, have been 
referred by some geologists to the Upper group, by others to the 
Lower or Neocomian. They resemble the Folkestone beds of 
the latter series in mineral character, and 59 out of 150 of their 
fossil mollusca are common to them ; but they have also 10 
species common to the Gault, and 20 to the overlying Cliloritic 
series ; and, what is very important, out of 7 Ammonites (» are 
found also in the Gault and Cliloritic series, only 1 being 
peculiar to the Blackdown beds. 

Professor Ramsay has remarked that there is a strati graphi- 
cal break ; for in Kent, Surrey, and Sussex, at those few points 
where there are exposures of junctions of the Gault and Neo- 
comian, the surface of the latter has been much eroded or 
denuded, while to the westward of the great chalk escarpment 
the unconformability of the two groups is equally striking. At 
Blackdown this unconformability is still more marked, for, 
though distant only 100 miles from Kent and Surrey, no for- 
mation intervenes between these beds and the Trias ; all inter- 
mediate groups, such as the Lower Neocomian and Oolite, having 
either not been deposited or destroyed by denudation. 

Flora of tbe Upper Cretaceous period. — As the Upper Cre- 
taceous rocks of Europe are, for the most part, of purely marine 
origin, and formed in deep water usually far from the nearest 
shore, land-plants of this period, as we might naturally have 
anticipated, are very rarely met with. In the neighbourhood 
of Aix-la-Chapelle, however, an important exception occurs, for 
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there certain white sands and laminated clays, 400 feet in thick- 
ness, contain the remains of terrestrial plants in a beautiful 
state of preservation. These beds are the equivalents of the 
white chalk and chalk marl of England, or Senonien of 
D’Orbigny, although the white siliceous sands of the lower beds, 
and the green grains in the upper part of the formation, cause 
it to differ in mineral character from our white chalk. 

Beds of fine clay, with fossil plants, and with seams of lignite, 
and even perfect coal, are intercalated. Floating wood, con- 
taining perforating shells, such as Pholas and Gastroclioena, 
occur. There are likewise a few beds of a yellowish brown 
limestone, with marine shells, which enable us to prove that the 
lowest and highest plant-beds belong to one group. Among 
these shells are Pcctcn cjnadricostatus, and several others which 
are common to the upper and lower part of the series, and Tri- 
gonia limbata (D’Orbigny), a shell of the white chalk ; and a 
Hamite, a form so characteristic of the Cretaceous formation, 
was recognised in 1873 by Prof. Hughes in M. Debey’s collec- 
tion. On the whole the organic remains and the geological 
position of the strata prove distinctly that in the neighbourhood 
of Aix-la-ChapelJo, a gulf of the ancient Cretaceous sea was 
bounded by land composed of Devonian and Carboniferous 
rocks. These rocks consisted of quartzose and schistose beds, 
the first of which supplied white sand and the other argillaceous 
mud to a river which entered the sea at this point, carrying 
down in its turbid waters much drift-wood and the leaves of 
plants. Occasionally, when the force of the river abated, marine 
shells of the genera Trigonia, Turrltella , Pcctcn, Hamitcs , &c. , 
established themselves in the same area, and plants allied to 
Zostera and Fucua grew on the bottom. 

The fossil plants of this member of the upper chalk at Aix 
have been diligently collected and studied by Dr. Debey, and as 
they afford the only example yet known of a terrestrial flora 
older than the Eocene, having the great divisions of the vege- 
table kingdom represented in nearly the same proportions as in 
our own times, they deserve particular attention. Dr. Debey 
estimates the number of species as amounting to more than 400, 
of which 70 or 80 are cryptogamous, chiefly ferns, 20 species of 
which can be well determined, most of them being in fructifi- 
cation. The scars on the bark of one or two are supposed to 
indicate tree-ferns. Of thirteen genera three are still existing, 
namely Gleichenia , now inhabiting the Cape of Good Hope and 
New Holland ; L yg odium, now spread extensively through 
tropical regions, but having some species which live in Japan 
and North America ; and Asplennim , a living cosmopolite form. 
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Among the phcenogamous plants, the Conifers are abundant, 
the most common belonging to a genus called Cycadopsis by 
Debey, and hardly separable from Sequoia (or Wellingtonia), of 
which both the cones and branches are preserved. When I 
visited Aix, I found the silicified wood of this plant very plenti- 
fully dispersed through the white sands in the pits near that 
city. In one silicitied trunk 200 rings of annual growth could 
be counted. Species of Araucaria like those of Australia are also 
found, and among the Monocotyledons there are some very 
peculiar types. No palms have been recognised with certainty, 
but 3 or 4 species of the genus Pandanus, or screw-pine, have 
been distinctly made out. The number of the Dicotyledonous 
Angiosperms is the most striking feature is so ancient a flora. 1 

Among them we And the familiar forms of the Oak (Cupuli- 
ferm), the bog-myrtle (Myricacem) together with several genera 
of the Myrtacem. But the predominant order is the Proteacese, 
of which there arc between GO and 70 supposed species, some 
of extinct genera, but some referred to the following living 
forms -Dryandra, Grovillea, Hakea, Bellendina, Banksia, Per- 
soonia all now belonging to Australia, and Lcucospermum, 
species of which form small bushes at the Cape. 

The epidermis of the leaves of many of these Aix jdants, espe- 
cially of the Proteaeem, is so perfectly preserved in an envelope 
of line clay, that under the microscope the stomata, or polygonal 
cellules, can be detected, and their peculiar arrangement is 
identical with that known to characterise some living Proteacem 
(Grevillea, for example). Although this peculiarity of the 
structure of stomata is also found in plants of widely distant 
orders, it is, on the whole, but rarely met with, and, being thus 


1 In this and subsequent remarks on fossil plants I shall often use Dr. 
Lindley’s terms, as most familiar in this country; hut as those of M. A. 

rongniart are much citcrl, it may he useful to geologists to give a table 
exp tuning the corresponding names of groups so much spoken of in palicon- 
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Brongniurt. Lindley. 

1. Crvptogamous am-) 

phigens, or cellular > Tliallogons. Lichens, sea-weeds, fungi, 
eryptogamie. J 

2. Cryptogainous aero- Acrogeus. Mosses, oquisetums, ferns, lyco- 

& ens - podiiinis, — Lopidodendra. 

3. Dicotyledonous gym- Gyranogcns. Conifers and CVcads. 

nosperms. 

4. Dicot. Angiosperms. Kxogens. Composite, leguminosic, um- 

bellilene, erueiferte, heaths, 
&r. All native Kui-opean 
trees except Conifers. 

Kndogens. Palms, lilies, aloes, rushes 
grasses, Sec. 
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observed to characterise a foliage previously suspected to be 
proteaceous, it adds to the probability that the botanical evi- 
dence had been correctly interpreted. 

An occasional admixture at Aix-la-Chapellc of Fucoids and 
Zosterites attests, like the shells, the presence of salt water. Of 
insects, Dr. Debey lias obtained about ten species of the families 
Curculionidm and Carabidie. 

The resemblance of the flora of Aix-la-Chapello to the tertiary 
and living floras in the proportional number of dicotyledonous 
angiosperms as compared to the gymnogens, is a subject of no 
small theoretical interest, because we can now aflirm that these 
Aix plants flourished before the rich reptilian fauna of the 
secondary rocks had ceased to exist. The Ichthyosaurus, 
Pterodactyl, and Mosasaurus were of coeval date with the oak 
and Myrica. Speculations have often been hazarded respecting 
a connection between the rarity of Exogens in the older rocks 
and a peculiar state of the atmosphere. A denser air, it was 
suggested, had in earlier times been alike adverse to the well- 
being of the higher order of flowering plants, and of the quiclc- 
breatliing animals, such as mammalia and birds, while it was 
favourable to a cryptogamic and gymnospermous flora, and to a 
predominance of reptile life. Put we now learn that there is no 
incompatibility in the co-existence of a vegetation like that of 
the present globe, and some of the most remarkable forms of the 
extinct reptiles of the age of gymnosperms. 

If the break between the flora of the Upper Cretaceous period 
and that of the Lower or Neocomian, as represented by the 
Wealden flora, seem at present to be somewhat sudden, the 
abruptness of the change will probably disappear when we are 
better acquainted with the fossil vegetation of the lowest strata 
of the Gault and that of the uppermost beds of the antecedent 
Neocomian. 

Hippurite limestone. — Difference between the chalk of the 
North and Month of Europe. l»y the aid of the three tests, 
superposition, mineral character, and fossils, the geologist has 
been enabled to refer to the same Cretaceous period certain 
rocks in the north and south of Europe, which differ greatly 
both in tlicir fossil contents and in their mineral composition 
and structure. 

If we attempt to trace the cretaceous deposits from England 
and France to the countries bordering the Mediterranean, we 
perceive, in the lirst place, that in the neighbourhood of London 
and Paris they form one great continuous mass, the Straits of 
Dover being a trifling interruption, a mere valley with chalk 
cliffs on both sides. We then observe that the main body of the 
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chalk which surrounds Paris stretches from Tours tonear Poitiers 
(see the annexed map, fig. 279, in which the shaded part re- 
presents chalk). 

Between Poitiers and La Ro- 
chelle, the space marked A on 
the map separates two regions of 
chalk. This space is occupied 
by the Oolite and certain other 
formations older than the Chalk 
and Neocomian, and has been 
supposed by M. E. de Beau- 
mont to have formed an island 
in the Cretaceous sea. South of 
this space we again meet with 
rocks which we at once recog- 
nise to be cretaceous, partly 
from the chalky matrix and 
partly from the fossils being 
very similar to those of the 
white chalk of the north : es- 
pecially certain species of the 
genera Spataiu/us, Ananchytes , 

CidariSj Nucula, Oatrca, Gry- 
phtea ( Exogyra ), Pectcn , Lima , 

Trigonia, Gatillus (Inoceramua) 
and Terebratula. 1 But Ammonites, as M. D’Arcliiac observes, 
of which so many species are met with in the chalk of the 
Pig. 280. Fig. 281. 



north of France, are scarcely everfound in the southern region ; 
while the genera Hamit c, Turrilitc , and JScaphite , and perhaps 
Belemnite , are entirely wanting. 

On the other hand, certain forms are common in the south 
which are rare or wholly unknown in the north of France. 

i D’Arcliiac, Sur la Form. Crdtacde du S.-O. de la France, Mem. de la 
Soc. Geol. do France, tom. ii. 

o 
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Among these may be mentioned many Hippurites, Sphscrulitcs, 
and other members of that great order of mollusca called 
jR udisbes by Lamarck, to which nothing analogous has been dis- 
covered in the living creation, but which is characteristic 
of rocks of the Cretaceous era in the south of France, Spain, 
Sicily, Greece, and other countries bordering the Mediterra- 
nean. The species called Hippurites organ imus (fig. 282) is 


Pig. 282. 



IJipjmrites organisans, Desmoulins. 

Upper clmlk : — chalk marl of Pyrenees ? 1 

a. Young individual ; 'when full grown they occur in groups adhering 

laterally to each other. 

b. Upper side of the upper valve, Bliowing a reticulated structure in those 

pai*ts, b, where the external coating is worn off. 
r. Upper end or opening of tlic lower and cylindrical valve. 
d. Cast of the interior of the lower conical valve. 

more abundant than any other in the south of Europe ; and the 
geologist should make himself well acquainted with tho cast of 
the interior d , which is often the only part ]3reserved in many 
compact marbles of the Upper Cretaceous period. The flutings 
on the interior of tho Hippurite, which are represented on the 
cast by smooth rounded longitudinal ribs and in some indi- 
‘ viduals attain a great size and length, are wholly unlike the 
markings on the exterior the shell. 

Cretaceous Rocks in tke United States. — If we pass to 
the American continent, we find in the State of New Jersey 
1 D’Orbigny’s Paloontologic frnngaiso, pi. 533. 
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a series of sandy and argillaceous beds wholly unlike in mineral 
character to our Upper Cretaceous system ; which we can, 
nevertheless, recognise as referable, paleontologically, to the 
same division. 

That they were about the same age generally as tho European 
chalk and Neocomian, was the conclusion to which Dr. Morton 
and Mr. Conrad camp after their investigation of tho fossils in 
1834. The strata consist chiefly of greensand and green marl, 
with an overlying coral limestone of a pale yellow colour, 
and the fossils, on the whole, agree most nearly with those of 
tho Upper European series, from the Maastricht beds to the 
Gault inclusive. I collected sixty shells from the New .Jersey 
deposits in 1841, five of which were identical with European 
species — Ostrcn larva , O. vesicular is, Gryphon costata , Pccien 
quinqnecoistatns , Lvlcmnitclla mucronata. As some of these 
have the greatest vertical range in Europe, they might be ex- 
pected more than any others to recur in distant j>arts of tho 
globe. Even where the species were different, the generic 
forms, such as the Baculite and certain sections of Ammonites, 
as also the Inoccramns (see above, fig. 258, p. 278) and other 
bivalves, have a decidedly cretaceous aspect. Fifteen out of tho 
sixty shells above alluded to were regarded by Professor Forbes 
as good geographical representatives of well-known cretaceous 
fossils of Europe. The correspondence, therefore, is not small, 
when we reflect that the part of the United States where these 
strata occur is between 3,000 and 4,000 miles distant from the 
chalk of Central and Northern Europe, and that there is a differ- 
ence of ten degrees in the latitude of the places compared on 
opposite sides of the Atlantic. Fish of tho genera Lanina, 
Galens , and Carcharodon are common to New .Jersey and the 
European cretaceous rocks. So also is the genus Mosasaurus 
among reptiles. Professor O. C. Marsh has described five 
species of birds from the greensand of New Jersey ; and he has 
discovered in the Upper Cretaceous shale of Kansas a remark- 
able adult bird about the size of a pigeon, and probably aquatic, 
to which he gives the name of Ichthyornis dispar. This bird 
approaches the reptilian type in possessing biconcave vertebra), 
and well-develojjed teeth in both jaws. 1 

It appears from the labours of Dr. Newberry and others, that 
the Cretaceous strata of the United States east and west of the 
Appalachians are characterised by a flora, decidedly analogous 
to that of Aix-la-Chapelle above-mentioned, and therefore having 
considerable resemblance to the vegetation of the Tertiary and 
Recent periods. 

1 American Journ. of Science, vol. v., Feb. 1873. 
o 2 
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CHAPTER XVIII. 

LOWER CRETACEOUS OR NEOCOMIAN FORMATION. 

Classification of marine and freshwater strata — Upper Neocomian — Folke- 
stone and Ilythe beds — Atherfield clay — Similarity of conditions causing 
reappearance of species after short intervals — Upper Speeton clay — Middle 
Neocomian — Teal by series — Middle Speeton clay — Lower Neocomian — 
Lower Speeton claj' — Wealden formation — Freshwater character of the 
Wealden — Weald clay — Hastings sand — Punfield beds of Purbeck, Dorset- 
shire — Fossil shells and fish of the Wealden — Area of the Wealden — Flora 
of the Wealden. 

We 11 ow come to the Lower Cretaceous formation which was 
formerly called Lower Greensand, and for which it will be 
useful for reasons before explained (p. 2(15) to use the term 
( Neocomian. , 

LOWER CRETACEOUS OR NEOCOMIAN GROUP. 

Marine. Freshwater. 

1. Upper N eocomian — Greensand of Folke- 

stone, Sandgate and Hythe, Ather- 
field clay, upper part of Speeton clay. 

2. Middle Neocomian — Punfield marine 

bed, Tealby beds, middle part of 
Speeton clay. 

3. Lower Neocomian — Lower part of Spoe- 

ton clay. 

In Western France, the Alps, the Carpathians, Northern 
Italy, and the Apennines, an extensive series of rocks has been 
described by Continental geologists under the name of Tithonian. 
These beds, which are without any marine equivalent in this 
country, appear completely to bridge over the interval be- 
tween the Neocomian and the Oolites. They may, perhaps, as 
suggested by Mr. Judd, be of the same age as part of the 
Wealden series. 

UPPER NEOCOMIAN. 

Folkestone and Hythe beds. — The sands which crop out 
beneath the Gault in Wiltshire, Surrey, and Sussex are some- 
times in the uppermost part pure white, at others of a yellow and 


Part of Wealden 
I beds of Kent, 
Surrey, Sussex, 
Hants, and Dor- 
set. 
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ferruginous colour, and some of the beds contain much green 
matter. At Folkestone they contain layers of calcareous matter 
and chert, and at Hythe, in the neighbourhood, as also at 
Maidstone and other parts of Kent, the limestone called Kentish 
Rag is intercalated. This somewhat clayey and calcareous stone 
forms strata two feet thick, alternating with quartzose sand. 
The total thickness of these Folkestone, Sandgate, and Hythe 
beds is less than 300 feet, and the Hythe beds are Been to rest 
immediately on a gray clay, to which we shall presently allude as 
the Atherfield clay. Among the fossils of the Hythe beds we may 
mention Nautilus plicatus (fig. 283), 

Ancyloceras (Scaphites) gigas (fig. 

284), which has been aptly described 
as an Ammonite more or less un- 
coiled ; Trigonia candata (fig. 28G), 

Gervillia anceps (fig. 285), a bivalve 
genus allied to Avicula, and Terc- 
bratnla sella (fig. 287). In ferrugin- 
ous beds of the same age in Wiltshire 
is found the remarkable shell called 
Dicer as Lonsdalii (fig. 288, p. 294), 
which abounds in the Upper and Middle Neocomian of Southern 
Europe. This genus is closely allied to Chama, and the cast of 
the interior has been compared to the horns of a goat. 


Fig. 283. 



Nautilus jtlicafus. Sow., in 
Fitton’s Monog. 


Fig. 281 , 



Ancyloceras gigas, D’Orb. 


Atherfield Clay. — We mentioned before that the Hythe 
series rests on a gray clay. This clay is only of slight thickness 
in Kent and Surrey, but acquires great dimen sions at Ather - 
fhdd in tli ft Talft of Wight. The difference indeed in mineral 
character and thickness of the Upper Neocomian formation near 
Folkestone, and the corresponding beds in the south of the Isle 
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of Wight, about 100 miles distant, is truly remarkable. In the 
latter place we find no limestone answering to the Kentish Rag, 
and the entire thickness from the bottom of the Atherfield clay 


Fig. 285. 


Fig. 28G. 



Gerrillia (triceps, Desli. Trit/ouia camlata, Agass. 

Upper Keocomian, Surrey. Upper Neocomian. 


Fig. 287. 



Terebralula sella, Sow. 
Upper Ncocominu, Hythe. 


Fig. 288. 



Uicents Lonsthdii. Upper Neocomiau, Wilts. 

a. The bivalve shell. 

b. Cast of one of the valves enlarged. 


to the top of the Neocomian, instead of being less than 300 feet 
as in Kent, is given by the late Professor E. Forbes as 843 feet, 
which he divides into sixty-three strata, forming three groups. 
The uppermost of these consists of ferruginous sands ; the second 
of sands and clay ; and the third or lowest of a brown clay, 
abounding in fossils. 

Pebbles of quartzose sandstone, jasper, and flinty slate, 
together with grains of chlorite and mica, occur ; and fragments 
and waterworn fossils of the oolitic rocks speak plainly, as 
• Mr. Godwin- Austen has shown, of the nature of the pre-exist- 
;ing formations, by the wearing down of which the Neocoinian 
beds were formed. The land, consisting of such rocks, was 
doubtless submerged before the origin of the white chalk, a 
deposit which was formed in a more open and probably deeper 
sea, and in clearer waters. 

Among the shells of the Atherfield clay the most abundant is 
the large Pern a Mulleti , of wliich a reduced figure is here given 
(fig. 289). 

Similarity of conditions causing reappearance of species , — Some 
species of mollusca and other fossils range tlirough the whole 
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series, while others are confined to particular subdivisions, and 
Forbes laid down a law which has since been found of very 
general application in regard to estimating the chronological 


Fig. 289. 



Pern a ATuJleti, Desh. 
h nat. size. 

a. Exterior. 

b. Part of hinge- line of 

upper or right valve. 


relations of consecutive strata. Whenever similar conditions, 
he says, arc repeated, the same species reappear, provided too 
great a lapse of time has not intervened ; whereas if the length 
of the interval has been geologically great, the samo genera will 
reappear represented by distinct species. Changes of depth, or 
of the mineral nature of the sea-bottom, the presence or absence 
of lime or of peroxide of iron, the occurrence of a muddy, or a 
sandy, or a gravelly bottom, are marked by the banishment of 
certain species and the pre dominance of others. But these dif- 
ferences of conditions, being mineral, chemical, and local in their 
nature, have no necessary connection with the extinction, 
throughout a large area, of certain animals or plants. When 
the forms proper to loose sand or soft clay, or to perfectly clear 
water, or to a sea of moderate or groat depth, recur with all the 
same species, we may infer that the interval of time has been, 
geologically speaking, small, however dense the mass of matter 
accumulated. But if, the genera remaining the same, the 
species are changed, we have entered upon a new period ; and 
no similarity of climate, or of geographical and local conditions, 
can then recall the old species which a long series of destructive 
causes in the animate and inanimate world has gradually an- 
nihilated. 

Speeton Clay, upper division. — On the coast beneath the 
white chalk of Flamborough Head, in Yorkshire, an argillaceous 1 
formation crops out, called the Speeton clay, several hundred ! 
feet in thickness, the j^lieontological relations of which have j 
been ably worked out by Mr. John W. Judd; 1 and he has 
shown that it is separable into three divisions, the uppermost 
of which, 150 feet thick, and containing 87 species of mollusca, 

1 Judd, Speeton Clay, Quart, Geol. Journ, vol. xxiv. 1868, p. 218. 
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decidedly belongs to the Atherfield clay and associated strata 
of Hythe and Folkestone, already described. It is characterised 
by the Pcrna Mulleti (fig, 289) and 
Fie ' 29 °* Terebratula sella (fig. 287), and by 

/®\ Ammonites Deshayesii (fig. 290), a 

r A 1 \j well-known Hythe and Atherfield 

Vll fossil. Fine skeletons ef reptiles 
Mpyy A/gJffKsk ' the g enera Fliosaurus and Teleo- 
JC - * m- " saurus have been obtained from 

tliis clay. At the base of this 
Wv upper division of the Speeton clay 

\j/ there occurs a layer of large Sep- 

Ammonites Deshayesii. Leym. taria, formerly worked for the 
Upper Neocomian. manufacture of cement. This bed 

I is crowded with fossils, especially Ammonites, one species of 
■Which, three feet in diameter, was observed by Mr. Judd. 


MIDDLE NEOCOMIAN. 

Tealby series. — At Tealby, a village in the Lincolnshire 
Wolds, there crops out beneath the white chalk some non-fossili- 
ferous ferruginous sands about twenty feet thick, beneath which 
are beds of clay and limestone about fifty feet thick, with an 
interesting suite of fossils, among which are Pecten cinctus (fig. 

291) , from 9 to 12 inches in diameter, Ancyloccras Duvallii (fig. 

292) , and some 40 other shells, many of them common to the 


Fig. 291. Fig. 292. 



Pecten cinctus , Sow. (P. crassitesta, Horn.) Ancyloccras (Orioccras) Duvallii , 

Middle Neocomian, England ; Mid- Leveille. Middle and Lower 

die and Lower Neocomian, Gcr- Neocomian, -J nat. size, 

many. } nat. size. 

Middle Speeton clay, about to be mentioned. Mr. Judd remarks 
that as Ammonites elypeiformis and Terebratula hippopus charac- 
terise the Middle Neocomian of the Continent, it is to tliis stage 



ch. xvm.] WEALDEN FORMATION. 297 

that the Tealby series containing the same fossils may be 
assigned. 1 

The middle division of the Speeton clay, occurring at Speeton 
below the cement-bed, before alluded to, is 150 feet thick and 
contains about 39 species of mollusca, half of which are common 
to the overlying clay. Among the peculiar shells, as before 
mentioned, Ancyloceras ( Crioceras ) Duvallii (fig. 292) and Pecten 
ductus (fig. 291) occur. 

LOWER NEOCOMIAN. 

In the lower division of the Speeton clay, 200 feet thick, 40 
species of mollusca have been found, 
and three divisions, each charac- 
terised by its peculiar ammonite, have 
been noticed by Mr. Judd. The cen- 
tral zone is marked by Ammonites 
Noricus (see fig. 293). On the Conti- 
nent these beds are well known by 
their corresponding fossils, the Hils 
clay and conglomerate of the north 
of Germany agreeing with the Mid- 
dle and Lower Speeton, the latter of 
which, with the same mineral charac- 
ters and fossils as in Yorkshire, is also found in the little island 
of Heligoland. Yellow limestone, which I have myself seen near 
Neuchatel, in Switzerland, represents the lower Neocomian at 
Speeton. 

WEALDEN FORMATION. 

Beneath the Atherfield clay or Upper Neocomian of the S.E* * 
of England, a freshwater formation is found, called the Wealden, 
which, although it occupies a small horizontal area in Europe, 
as compared to the White Chalk and the marine Neocomian 
beds, is nevertheless of great geological interest, since the im- 
bedded remains give us some insight into the nature of the 
terrestrial fauna and flora of the Lower Cretaceous epoch. The 
name of Wealden was given to this group because it was first 
studied in parts of Kent, Surrey, and Sussex, called the Weald ; 
and we are indebted to Dr. Mantell for having shown, in 1822, 
in his ‘ Geology of Sussex,’ that the whole grouj) was of fluvia- 
tile origin. In proof of this he called attention to the entire 
absence of Ammonites, Belemnites, Brachiopoda, Echinoder- 
mata, Corals, and other marine fossils, so characteristic of the' 
Cretaceous rocks above, and of the Oolitic strata below, and ttf 

1 Judd, Quart. Geol. Journ. 1867, vol. xxiii. p. 249. 
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Ammonites Noricus, Sclilotli. 
Lower Neocomian. Speeton. 
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the presence in the Weald of Paludinse, Melanias, Cyrenee, and 
various fluviatile shells, as well as the bones of terrestrial 
reptiles and the trunks and leaves of land-plants. 

The evidence of so unexpected a fact as that pf a dense mass 
j of purely freshwater origin underlying a deep-sea deposit (a jshe- 
jnomenon with which we have since become familiar) was 
; received, at first, with no small doubt and incredulity. But the 
■relative position of the beds is unequivocal ; the Weald clay 
being distinctly seen to pass beneath the Atherfield clay in 
various parts of Surrey, Kent, and Sussex, and to reappear in 
the Isle of Wight at the base of the Cretaceous series, being, no 
doubt, continuous far beneath the surface, as indicated by the 
dotted lines in the annexed diagram (fig. 294). They are also 


Fij 291. 

W.S.W. E.N.E. 



]. Tertiary. 2. Olmlk ami Gcult. :s. L'l^ior Kcooomiau (or Lower Greensand). 
•1. Weulclcn (Weald Clay and Hastings Sand). 


found occupying the same relative position below the chalk in 
the peninsula of Purbeck, where, as we shall see in the sequel, 
they repose on strata referable to the Upper Oolite. 

Weald Clay . — Tlic upper division, or Weald clay, is, in great 
part, of freshwater origin, but in its highest portion contains 
beds of oysters and other marine shells which indicate fluvio- 
marine conditions. The uppermost beds are not only conform- 
able, as Dr. Fitton observes, to the inferior strata of the over- 
lying Neocomian, but of similar mineral composition. To ex- 
plain tliis, we may suppose, that, as the delta of a great river was 
tranquilly subsiding, so as to allow the sea to encroach upon the 
spape ]weviously occupied by fresh ivater, the river still continued 
to carry down the same sediment into the sea. In confirmation 
of this view it may be stated that the remains of the Iguanodon 
Mantelli , a gigantic terrestrial reptile, belonging to the order 
Dinosauria, and very characteristic of the Wealden, has been 
discovered near Maidstone, in the overlying Kentish rag, or 
marine limestone of the Upper Neocomian. Hence we may 
infer that some of the saurians which inhabited the country of 
the great river continued to live when part of the district had 
becomo submerged beneath the sea. Thus, in our own times, 
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we may suppose the bones of large alligators to be frequently 
entombed in recent freshwater strata in the delta of the Ganges. 
But if part of that delta should sink down so as to be covered 
by the sea, marine formations might begin to accumulate in the 
same space where freshwater beds had previously been formed ; 
and yet the Ganges might Btill pour down its turbid waters in 
the same direction, and carry seaward the carcases of the same 
species of alligator, in which case their bones might be included 
in marine as well as in subjacent freshwater strata. 

The Iguanodon, first discovered by Dr. Mantell, was an her- 
bivorous reptile, of which the teeth, though bearing a great ana- 
logy, in their general form and crenated edges (see figs. 295, a, 
295, &), to the modern Iguanas which now frequent the tropical 
woods of America and the West Indies, exhibit many important 
differences. It appears that they have often been worn by tho 
process of mastication ; whereas the existing herbivorous reptiles 
clip and gnaw off the vegetable productions on which they feed, 
but do not chew them. Their teeth frequently present an ap- 


Fig. 295. Fig. 29G. 



Fig. 295. a, b. Tooth of Iguanodon Jlfantelli. 

296. a. Partially worn tooth of yonng individual of the same. 
b. Crown of tooth in adult, worn down. (Mantell.) 


pearance of having been chipped off, but never, like the fossil 
teeth of the Iguanodon, have a flat ground surface (see fig. 29C, b) 
resembling the grinders of herbivorous mammalia. Dr. Man- 
tell computes that the teeth and bones of this species, which 
passed under his examination during twenty years, must have 
belonged to no less than seventy-one distinct individuals, 
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varying in age and magnitude from the reptile just burst from 
the egg, to one of which the femur measured twenty-four inches 
in circumference. Yet, notwithstanding that the teeth were 
more numerous than any other bones, it is remarkable that it 
was not until the relics of all these individuals had been found, 
that a solitary examjjle of part of a jawbone was obtained. Soon 
afterwards remains both of the upper and lower jaw were met 
with in the Hastings beds in Tilgate Forest near Cuckfield. 
In the same sands at Hastings, Mr. Beckles found large tridac- 
tyle impressions ’which it is conjectured were made by the hind 
feet of this animal, on which it is ascertained that there were 
only three well-developed toes. 

Occasionally bands of limestones called Sussex Marble, occur 
in the Weald clay, almost entirely composed of a species of 
Palndina , closely resembling the common P. vivipara of English 
rivers. Shells of the Cypris , a genus of Crustaceans before 
mentioned (p. 33), as abounding in lakes and ponds, are also 


Fig. 207. 

Ci/pris spinitjera , Fitton. 


Fig. 208. 


Weald clay with Cypridcs. 



plentifully scattered through the clays of the Wealden, some- 
times producing, like plates of mica, a thin lamination (see fig 
21 ) 8 ). 

Hastings Sands. — This lower division of the Woalden con- 
sists of sand, sandstone, calciferous grit, clay, and shale ; the 
argillaceous strata, notwithstanding the name, predominating 
somewhat over the arenaceous, as will be seen by reference to 
the following section, drawn up by Messrs. Drew and Foster, of 
the Geological Survey of Great Britain : — 


lias tings 
Sand. 


Names of Subordinate 
Formations. 


Mineral Composition 
of the Strata. 


[Tunbridge Wells I 

I Sand . . J Sandstone and loam . 

Wadhurst Clay { Blu , e a,ldbro , wn sllale and 
J l clay with a little calc-grit 

Ashdown Sand ( Hard s f nd with some bed « 
l of calc-gnt . 

Ashbumham Beds { Mott }, ed white andl ' ed clay 
l with some sandstone . 


Thickness 
in Feet. 


150 


100 


160 


33,0 


CH. XYIII.] 


HASTINGS SANDS. 


301 


The picturesque scenery of the 6 High Rocks 9 and other places j 
in the neighbourhood of Tunbridge Wells, is caused by the steep ; 
natural cliffs, to which a hard bed of white sand, occurring in 
the upper part of the Tunbridge Wells Sand, mentioned in the 
above table, gives rise. This bed of ‘ rock sand ’ varies in 
thickness from 25 to 48 feet. Large masses of it, which were by 
no means hard or capable of making a good building-stone, form, 
nevertheless, projecting rocks with perpendicular faces, and re- 
sist the degrading action of the river because, says Mr. Drew, 
they present a solid mass without planes of division. The cal- 
careous sandstone and grit of Tilgate Forest, near Cuckfield, in : 
which the remains of the Iguanodon and Hylteosaurus were 
first found by Dr. Mantell, constitute an upper member of the 
Tunbridge Wells Sand, while the ‘sand rock’ of the Hastings 
cliffs, about 300 feet thick, is one of the lower members of the 
same. The reptiles, which are very abundant in this division, 
consist partly of saurians, referred by Owen and Mantell to eight 
genera, among which, besides those already enumerated, we find 
the Megalosaurus and Plesiosaurus. The Pterodactyl also, a 
flying reptile, is met with in the same strata, and many remains 
of Chelonians of the genera Trionyx and Emys , now confined to 
tropical regions. 

The fishes of the Wealden are chiefly referable to the Ganoid 
and Placoid orders. Among them the teeth and scales of 
Lepidotus are most widely diffused (see fig. 299). Thoso ganoids 


Fig. 299. 



Lepidotus Ma nielli , Agass. Wealden. 
a. Palate and tectli. 6. Side view of teeth. c. Scale. 


were allied to the Lcpidosteus, or Gar-pike, of the American 
rivers. The whole body was covered with large and very thick 
rhomboidal scales, having the exposed part coated with enamel. 
Most of the species of this genus are supposed to have been 
either river-fish, or inhabitants of the sea at the mouth of 
estuaries. 

At different horizons in the Hastings Sand, we find again and 
again slabs of sandstone with a strong ripple-mark, and between 
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these slabs bods of clay many yards thick. In some places, as 
at Stammerham, near Horsham, there are indications of this clay 



haying been exposed so as to dry and crack before the next layer 
was thrown down upon it. The open cracks in the clay have 
served as moulds, of which casts have been taken in relief, and 
which are, therefore, seen on the lowor surface of the sandstone 
(see fig. 301). 

Pig. 301. 



Underside of slab of 
sandstone about 
one yard in dia- 
meter. Stammer- 
ham, Sussex. 


Near the same place a reddish sandstone occurs in which are 
innumerable traces of a fossil vegetable, apparently tfphenoptcris, 
the stems and branches of which are disposed as if the plants 
were standing erect on the spot where they originally grew, the 
sand having been gently deposited upon and around them ; and 
similar appearances have been remarked in other places in this 
formation. 1 In the same division also of the Wealden, at Cuck- 
field, is a bed of gravel or conglomerate, consisting of water- 


1 Mantel!, Geol. of S.E. of England, p. 244. 
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worn pebbles of quartz and jasper, with rolled bones of reptiles. 
These must have been drifted by a current, probably in water 
of no great depth. 

From such facts we may infer that, notwithstanding the great 
thickness of this division of the 
Wcalden, the whole of it was a 
deposit in water of a moderate 
depth, and often extremely 
shallow. This idea may seem 
startling at first, yet such would 
be the natural consequence of a 
gradual and continuous sinking 
of the ground in an estuary or 
bay, into which a great river 
discharged its turbid waters. 

By each foot of subsidence, the 
fundamental rock would be de- 
pressed one foot farther from the surface ; but the bay would 
not be deepened, if newly deposited mud and sand should raise 
the bottom one foot. On the contrary, such new strata of sand 
and mud might be frequently laid dry at low water, or over- 
grown for a season by a vegetation proper to marshes. 

Punfield beds, brackisb and marine. — The shells of the 
Wcalden beds belong to the genera Mclanopsis, Melania , Palu- 
dina, Cijrena, Cyclas, Unio (see fig. 300), and others, which in- 
habit estuaries, rivers, or lakes ; but one band has been found 
at Punfleld, in Dorsetshire, indicating a brackish state of the 
water, where the genera Gorbula , Mytilus, and Outre a occur ; 

Fig. aoa. 


Fig. 302. 



tiphcHopteris gracilis , Fit ton. From the 
Hastings Sands near Tunbridge Wells. 
a. Portion of the same magnified. 




Vicanja Lujan i , Dc Yemeni!, 1 Wcalden, TunHeld. 



and in some places this bed becomes purely marine, containing 
s,omc well-known Neocomian fossils, among which Ammonites 

1 Foss, dc Utrillas. 
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Deshayesii (fig. 290, p. 296) may bo mentioned. Others are 
peculiar as British, but very characteristic of the Upper and 
Middle Neocomian of the north of Spain, and among these is 
conspicuous the Vicar y a Lnjani (fig. 303), a shell allied to 
Nerintea. The middle Neocomian beds of Spain in which this 
shell abounds, attain at Utrillas a thickness of 530 feet, and 
contain ten beds of coal, lignite or jet, which are extensively 
worked. 1 

By reference to the table (p. 292) it will be seen that the 
'Wealden beds are given as the freshwater equivalents of the 
■ Marine Neocomian. The highest part of them in England may, 

: for reasons just given, be regarded as Upper Neocomian, while 
I some of the inferior portions may correspond in age to the 
Middle and Lower divisions of that group. In favour of this 
latter view, M. Marcou mentions that a fish called Astcracanthus 
granulosus, occurring in the Tilgate beds, is characteristic of the 
lowest beds of the Neocomian of the Jura, and it is well known 
that Corbnla alata, common in the Ashburnham beds, is found 
also at the base of the Neocomian of the Continent. 

Area of the Wealden . — In regard to the geographical extent 
of the Wealden, it cannot be accurately laid down ; because so 
much of it is concealed beneath the newer marine formations. 
It has been traced about 320 English miles from weBt to east, 
from the coast of Dorsetshire to near Boulogne, in France ; and 
nearly 200 miles from north-west to south-east, from Surrey 
and Hampshire to Vassy, in France. If the formation be con- 
tinuous throughout this space, wliich is very doubtful, it does 
not follow that the whole was contemporaneous ; because, 
in all likelihood, the physical geography of the region under- 
went frequent changes throughout the whole period, and the 
estuary may have altered its form, and even shifted its place. 
Dr. Dunker, of Cassel, and H. von Meyer, in an excellent 
monograph on the Wealdens of Hanover and Westphalia, have 
shown that they correspond so closely, not only in their fossils, 
but also in their mineral characters, with the English series, 
that we can scarcely hesitate to refer the whole to one great 
delta. Even then, the magnitude of the deposit may not 
exceed that of many modem rivers. Thus, the delta of the 
Quorra or Niger, in Africa, stretches into the interior for more 
than 170 miles, and occupies, it is supposed, a space of more 
than 300 miles along the coast, thus forming a surface of more 
than 25,000 square miles, or equal to about one half of England. 2 
Besides, we know not, in such cases, how far the fluviatile sedi- 

1 Judd, Quart. Geol. Journ. vol. xxvii. 1871, p. 225. 

* Litton, Geol. of Hastings, p. 58, who cites Lander’s Travel. 
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ment and organic remains of the river and the land may be 
carried out from the coast, and spread over the bed of the sea. 
I have shown, when treating of the Mississippi, that a more 
ancient delta, including species of shells such as now inhabit 
Louisiana, has been upraised, and made to occupy a wide geo- 
graphical area, while a newer delta is forming ; 1 and the possi- 
bility of such movements and their effects must not bo lost 
sight of when we speculate on the origin of the Wealden. 

It may be asked where the continent was placed, from the ruins 
of which the Wealden strata were derived, and by the drainage 
of which a great river was fed. If the Wealden were gradually 
going downwards 1,000 feet or more perpendicularly, a large 
body of fresh water would not continue to be poured into the 
sea at the same point. The adjoining land, if it participated in 
the movement, could not escape being submerged. But we 
m^y suppose such land to have been stationary, or even under- 
going contemporaneous slow upheaval. There may have been 
an ascending movement in one region, and a descending one 
in a contiguous parallel zone of country. But, even if that 
were the case, it is clear that finally an extensive depression 
took place in that part of Europe where the deep sea of the 
Cretaceous period was afterwards brought in. 

Thickness of the Wealden . — In the Weald area itself, between 
the North and South Downs, freshwater beds to the thickness 
of 1,600 feet are known, the base not being reached. Pro- 
bably the thickness of the whole Wealden series, as seen in 
Swanage Bay, cannot be estimated as less than 2,000 feet. 

Wealden Flora . — The flora of the Wealden is characterised 
by a great abundance of Coniferai, Cycadeoo, and Ferns, and by 
the absence of leaves and fruits of dicotyledonous angiosperms. 
The discovery in 1855, in the Hastings beds of the Isle of 
Wight, of Gyrogonites, or spore- vessels of the Cliara, was the 
first example of that genus of plants so common in the Tertiary 
strata, being found in a Secondary or Mesozoic rock. 

bower Cretaceous Arctic flora. — A remarkable counterpart 
to this Lower Neocomian flora has been lately (1872) brought 
by Professor Nordenskiold from Greenland, lat. 71° N., and 
Spitzbergen, lat. 78° N., the species having been determined by 
Professor Heer. The Greenland plants, among which are eight 
species of Cycads and 35 species of Ferns, agree very closely 
with the flora of the Lower Chalk of Europe, and have a 
decidedly sub-tropical aspect. Professor Heer mentions 13 
species of Gleichenia, many of them retaining even the fruit ; 
and this genus is now almost exclusively tropical, although 

1 See above, p. 79 ; and Second Visit to the U. S., vol. ii. chap, xxxiv. 
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represented by a few rare species in New Zealand and Tas- 
mania. Other sub-tropical forms, such as Oleander, are also 
present. Among the Spitzbergen plants, which are less 
numerous, the Sequoia Reichenbacliii, common to the Lower 
Cretaceous of Greenland, is very abundant, one branch bearing 
the fruit. We cannot therefore doubt that the warm climate of 
the Cretaceous period extended to within 12° of the pole, 
though in the present state of our knowledge we are quite 
unable to frame any satisfactory theory as to the causes by 
which it was produced. 
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CHAPTER XIX. 

juras&c cuionr . — puiibeck beds and oolite. 

The Purbeck beds a member ol‘ the Jurassic group — Subdivisions of that 
group — Physical geography of the Oolite in England and France — Upper 
Oolite — Purheck beds — New genera of fossil mammalia in the Middle 
Purheck of Dorsetshire — Dirt-bed or ancient soil — Fossils of the Purheck 
beds — Portland stone and fossils — Kimmeridge clay — Lithographic stone 
of Solenhofen — Arcluuoptoryx — Middle Oolite — Coral rag — Neriiuea lime- 
stone — Oxford Clay, Ammonites and Uelemnites — Kcllowny Hock — Lower, 
or Path Oolite — Great plants of the Oolite — Oolite and Dradford clay — 
Stonesileld slate — Fossil mammalia — Fuller’s earth — Inferior Oolite and 
fossils — Northamptonshire slates — Yorkshire Oolitic coal-field — firora coal 
— Paleontological relations of the several subdivisions of the Oolitic 
group. 

Classification of the Oolite. — Immediately below the Hastings 
Sands we find in Dorsetshire another remarkable freshwater 
formation, called the Purheck because it was first studied ill 
the sea-clifis of the Peninsula of Purbeck in that county. These 
beds are for the most part of freshwater origin ; but the organic 
remains of some few intercalated beds are marine, and show 
that the Purbeck series has a closer affinity to the Oolitic 
group, of which it may be considered as the newest or uppermost 
member. 

In England generally, and in the greater part of Europe, 
both the Wealden and Purbeck beds are wanting, and the 
marine Cretaceous group is followed immediately, in the de- 
scending order, by another series called the Jurassic. In this 
term, the formations commonly designated as t the Oolite and 
Lias ’ are included, both being found in the Jura Mountains. 
The Oolite was so named because, in the countries where it 
was first examined, the limestones belonging to it had an 
Oolitic structure (see p. 13). These rocks occupy in England 
a zone nearly thirty miles in average breadth, which extends 
across the island, from Yorkshire in the north-east, to Dorset- 
shire in the south-west. Their mineral characters are not uni- 
form throughout this region ; but the following are the names 
of the principal subdivisions observed in the central and south- 
eastern parts of England : — 
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OOLITE, 
f a. Purbeck beds. 

Upper 4 b. Portland oolite (stone) and sand. 

I c. Kimmeridge clay. 

Middle i d ■ Coral ra o- 

1 e. Oxford clay, and Kelloway rock. 

{ /. Combrash and Forest marble. 

g. Great Oolite and Stonesfield slate. 

h. Fuller’s earth. 

i. Inferior Oolite. 

The Upper Oolitic system of the above table has usually 
the Kimmeridge clay for its base ; the Middle Oolitic system, 
the Oxford clay. The Lower system reposes on the Lias, an 
argillo-calcareous formation, which some include in the Lower 
Oolite, but which will bo treated of separately in the next 
chapter. Many of these subdivisions are distinguished by pe- 
culiar organic remains ; and, though varying in thickness, may 
be traced in certain directions for great distances, especially if 
we compare the part of England to which the above-mentioned 
type refers with the north-east of France and the J ura Moun- 
tains adjoining. In that country, distant above 400 geographical 
miles, the analogy to the accepted English type, notwithstanding 
the thinness or occasional absence of the clays, is more perfect 
than in Yorkshire or Normandy. 

Physical Geography. — The alternation, on a grand scale, of 
distinct formations of clay and limestone has caused the oolitic 
and liassic series to give rise jto some marked features in the 
physical outline of parts of England and France. Wide valleys 
can usually be traced throughout the long bands of country 
where the argillaceous strata crop out ; and between these val- 
leys the limestones are observed, forming ranges of hills or 
more elevated grounds. These ranges terminate abruptly on 
the side on which the several clays rise up from beneath the 
calcareous strata. 

The annexed cut will give the reader an idea of the confi- 
guration of the surface now alluded to, such as may bo seen in 



Fig. 304. 


Lower 

Middlo 

Upper London 

Oolite. 

Oolite. 

Oolite. Chalk. Clay. 

Lias. 

Oxford Clay. 

Kim. Clay. Ganlt. 


passing from London to Cheltenham, or in other parallel lines, 
from east to west, in the southern part of England. It has 
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been necessary, however, in this drawing, greatly to exagge- 
rate the inclination of the beds, and the height of the several 
formations, as compared to their horizontal extent. It will be 
remarked, that the lines of steep Blope, or escarpment, face 
towards the west in the great calcareous eminences formed by 
the Chalk and the Upper, Middle, and Lower Oolites ; and at the 
base of which we have respectively the Gault, Kimmeridge clay, 
Oxford clay, and Lias. This last forms, generally, a broad vale 
at the foot of the escarpment of inferior Oolite ; hut where it 
acquires considerable thickness, and contains solid beds of 
marlstone, it occupies the lower part of the escarpment. 

The external outline of the country which the geologist ob- 
serves in travelling eastward from Paris to Metz, is precisely 
analogous, and is caused by a similar succession of rocks inter- 
vening between the tertiary strata and the Lias ; with this dif- 
ference, however, that the escarpments of Chalk, and Upper, 
Middle, and Lower Oolites face towards the east instead of the 
west. It is evident, therefore, that the denuding causes (see 
p. 81) have acted similarly over an area several hundred miles 
in diameter, removing the softer clays more extensively than 
the limestones, and causing these last to form steep slopes 
or escarpments wherever the harder calcareous rock was 
based upon a more yielding and destructible formation. 

UPPER OOLITE. 

Pur beck; beds. — These strata, which we class as the upper- 
most member of the Oolite, are of limited geographical extent 
in Europe, as already stated, but they acquire importance when 
we consider the succession of three distinct sets of fossil remains 
which they contain. Such repeated changes in organic life must 
have reference to the history of a vast lapse of ages. The 
Purbeck beds are finely exposed to view in Durdlestone Bay, 
near Swanage, Dorsetshire, and at Lulworth Cove and the 
neighbouring bays between Weymouth and Swanage. At 
Meup’s Bay, in particular, Professor E. Forbes examined 
minutely, in 1850, the organic remains of this group, displayed 
in a continuous sea-cliff section ; and it appears from his re- 
searches that the Upper, Middle, and Lower Purbecks arc each 
marked by peculiar species of organic remains, these again 
being different, so far as a comparison has yet been instituted, 
from the fossils of the overlying Hastings Sands and Weald 
Clay. 

Upper Purbeck . — The highest of the three divisions is purely 
freshwater, the strata, about fifty feet in thickness, containing 
shells of the genera Paludina, Physa , Limn&a , Planorbis 3 Fed- 
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vat a, Cyclas, and Unio , with Cyprides and fish. All the species 
seem peculiar, and among these the Cyprides are very abundant 
and characteristic. (See iig. 305, a, b, c.) 


Fig. 305. 



(•yi»ruk*i> from the "llppor Fur bocks. 
a. Cypris yibbosa, E. Forbes. b. (Ujpris tuberculata , E. Forbes. 

c. Ci/j>/'is U'tjmnindla, E. Forbes. 


The stone called 1 Pnrbeck Marble,’ formerly much used in 
ornamental architecture in the old English cathedrals of the 
southern counties, is exclusively procured from this division. 

Middle Pnrbeck. — Next in succession is the Middle Purbeck, 
about thirty feet thick, the uppermost part of which consists of 
freshwater limestone, with cyprides, turtles, and fish of dif- 
ferent species from those in the preceding strata. Below the 
limestone are brackish- water beds full of Cyrcna , and traversed 
by bands abounding in Cvrbnla Melania. These are based 
on a purely marine deposit, with Peeten , Modi olci, Avicula , and 
Thraeia. Below this, again, come limestones and shales, partly 
of brackish and partly of freshwater origin, in which many 
fish, especially species of Lcpidotus and Microdon radiatus , are 
found, and a crocodilian reptile named Macrorhynehus. Among 
the mollusks, a remarkable ribbed Melania , of the subgenus 
Chilina , occurs. 

Fipr. 307. 



Ostrea distorta , Sow. llcmicUUn is Purbccktusis, E. Forbes. 

Cinder- bed, Middle Pnrbeck. Middle Purbcck. 

Immediately below is a great and conspicuous stratum, 
twelve feet thick, formed of a vast accumulation of shells of 
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Ostrea distorta (fig. 30G), long familiar to geologists under the 
local name of 4 Cinder-bed.’ In the uppermost part of this bed 
Professor Forbes discovered the first echinoderm (fig. 307) as 
yet known in the Purbeck series, a species of Hemic idar is, a 
genus characteristic of the Oolitic j>eriod, and scarcely, if at all, 
distinguishable from a previously known Oolitic fossil. It was 
accompanied by a species of Perna. Below the Cinder-bed 
freshwater strata are again seen, filled in many places with 
species of Gypris (fig. 308, a, b, c), and with Valvata, Paiudina, 


Fig. 20$. 



Cypriilcs from the Middle Pnrbccks. 

a. Cyprls striato-punclata, E. Forbes. h. Cypris fasciculate, E. Forbes. 

c. Cypris ymnuhtta , Sow. 


Planorbis , Limnvca , Physa (fig. 300), and Cyclas, all different 
from any occurring higher in the series. It will be seen that 
Gypris fasciculata (fig. 308, b) has tubercles 
at the end only of each valve, a character 
by which it can bo immediately recognised. 

In fact, these minute crustaceans, almost 
as frequent in some of the shales as plates 
of mica in a micaceous sandstone, enable 
geologists at once to identify the Middle 
Purbeck in places far from the Dorsetshire 
cliffs, as for example, in the Yale of Wardour, Physa nristoviWE, Forbos. 
in Wiltshire. Thick beds of chert occur in L ur ° 

the Middle Purbeck filled with mollusca and cy prides of the 
genera already enumerated, in a beautiful state of preserva- 
tion, often converted into chalcedony. Among these Professor 
Forbes met with gyrogonites (the spore- vessels of Char a), plants 
never before discovered in rocks older than the Eocene. About 
twenty feet below the 4 Cinder-bed 9 is a stratum two or threo 
inches thick, in which fossil mammalia presently to be men- 
tioned occur ; and beneath this a thin band of greenish shales, 
with marine shells and impressions of leaves like those of a 
large Zostera, forming the base of the Middle Purbeck. 

Fossil Mammalia of the Middle Purbeck. — In 1852, 1 after 

1 Elements of Geology, 4tli edition. 
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alluding to the discovery of numerous insects and air-breathing 
mollusca in the Purbeck strata, I remarked that, although no 
mammalia had then been found, ( it was too soon to infer their 
non-existence on mere negative evidence.’ Only two years after 
this remark was in print, Mr. W. R. Brodie found in the Middle 
Purbeck, about twenty feet below the ‘ Cinder-bed ’ above 
alluded to, in Durdlestone Bay, portions of several small jaws 
with teeth, which Professor Owen recognised as belonging to a 
small mammifer of the insectivorous class, more closely allied in 
its dentition to the Ampliitherium (or Thylacothcr turn) than to 
any existing type. 

Two years later (in 185G) the remains of several other species 
of warm-blooded quadrupeds were exhumed by Mr. S. H. 
Beckles, F.R.S., fiom the same thin bed of marl near the base 
of the Middle Purbeck. In this marly stratum many reptiles, 
several insects, and some freshwater shells of the genera 
Paludina , Phuturbis, and Ci/clax were found. 

Mr. Beckles has thoroughly explored the thin layer of cal- 
careous mud from which in the suburbs of Swanage the bones 
of the Spalaeotheriuni had already been obtained, and he has 
brought to ligV A from an area forty feet long and ten wide, and 
from a layer the average thickness of which was oidy five 
inches, portions of the skeletons of six new species of mammalia, 
as interpreted by Dr. Falconer, who first examined them. 
Before these interesting enquiries were brought to a close, the 
joint labours of Professor Owen and Dr. Falconer had made it 
clear that twelve or more species of mammalia characterised 
this portion of the Middle Purbeck, most of them insectivorous 
or predaceous, varying in size from that of a mole to that of 
the common polecat, Mustcla putorius; and Professor Owen has 
subsequently raised the number of species to twenty-five, refer- 
able to ten genera. 1 While the majority had the character of 
insectivorous marsupials, Dr. Falconer selected one as differing 
widely from the rest, and pointed out that in certain characters 
it was allied to the living Kangaroo-rat, or Ilypaiprymnus, ten 
species of which now inhabit the prairies and scrub-jungle of 
Australia, feeding on plants and gnawing scratched-up roots. 
A striking peculiarity of their dentition, one in which they differ 
from all other quadrupeds, consists in their having a single large 
pre-molar, the enamel of which is furrowed with vertical grooves, 
usually seven in number. 

The largest pre-molar (see fig. 311) in the fossil genus ex- 
hibits in like manner seven parallel grooves, producing by their 
termination a similar serrated edge in the crown ; but their 
1 Monograph, Paleontological Society, 1871. 
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direction is diagonal — a distinction, says Dr. Falconer, wliich is 
‘ trivial, not typical. ’ As these oblique furrows form so marked 


Fig. mo. 



Tig. mi. 



Pro-molar of the recent Australian Third and largest pro-molar (lower 
Hypoiprymnus Gaimardi, show- jaw) of Phujiaulax fitn-klenii, rang- 
ing 7 grooves, at right angles to nified f»A diameters, showing 7 

the length of the jaw, magnified diagonal grooves, 

diameters. 

a character of the majority of the teeth, Dr. Falconer gave to 
the fossil the generic name of Plagkmla x. The shape .and rela- 
tive size of the incisor fig. 312, exhibit a no less striking 
similarity to ITypHiprymnUi s*. Nevertheless, the more sudden 
upward curve of this incisor, as well as other characters of tho 
jaw, indicate a groat deviation in the form of Plagiaulax from 
that of the living kangaroo-rats. 

There are two fossil specimens of lower jaws of this genus 
evidently referable to two distinct species extremely unequal in 
size and otherwise distinguishable. The J'lagianhvx, BccMesiL 
(fig. 312) was about as big as the English squirrel or the flying 


Tig. m2. 



Platjiaulax Jiecklesii, Falconer. Middle Fnrbeek. 


Right ramus of lower je , magnified two diameters 

a. Incisor. &, r. Line of vertical fracture behind the pre-molars. d. Three 
pre-molars, the third and last (much larger than the other two taken together) 
being divided by a crack, e. Sockets of two missing molars. 

phalanger of Australia (Petaurvs Australis, Waterhouse). The 
smaller fossil, having only half the linear dimensions of the 
other, was probably only 1-1 2th of it^ bulk. It is of peculiar 
geological interest, because, as shown by Dr. Falconer, its two 
back molars bear a decided resemblance to those of the Triassic 
Microlestes (fig. 396, p. 356), the most ancient of known mam- 
malia, of which an account will be given in Chapter XXI.‘ 

Up to 1857 all the mammalian remains discovered in secon- 
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dary rocks had consisted solely of single branches of the lower 
jaw, but in that year Mr. Beckles obtained the upper portion of 
a skull and on the same slab the lower jaw of another quad- 
ruped with eight molars, a largo canine, and a broad and thick 
incisor. It has been named Tricon odon from its three-cone teeth, 
and is supposed to have been a small insectivorous marsupial, 
about the size of a hedgehog. Other jaws have since been found 
indicating a larger species of the same genus. 

To the largest of these Professor Owen has given the name of 
Triconodon major . It was a carnivorous mammal, rather larger 
than the pole-cat ( Mnstela pntorins), and equalling probably in 
size the Dasyurus maugei of Australia. 1 

Between forty and fifty pieces or sides of lower jaws with teeth 
have been found in oolitic Btrata in Pfirbeck ; only. five upper 
maxillaries, together with one portion of a separate cranium, 
occur at Stonesfield, and it is remarkable that with these there 
were no examples in Purbcck of an entire skeleton, nor of any 
considerable number of bones in juxtaposition. In several por- 
tions of the matrix there were detached bones, often much de- 
composed, and fragments of others apparently mammalian ; but 
if all of them were restored, they would scarcely suffice to com- 
plete the five skeletons to which the fivo upper maxillaries above 
alluded to belonged. As the average number of pieces in each 
mammalian skeleton is about 250, there must be many thousands 
of missing bones ; and when we endeavour to account for their 
absence, we are almost tempted to indulge in speculations like 
those once suggested to me by Dr. Buckland, when he tried to 
solve the enigma in reference to Stonesfield : — 1 The corpses,’ 
he said, ‘ of drowned animals, when they float in a river, dis- 
tended by gases during putrefaction, have often their lower jaw 
hanging loose, and sometimes it has dropped off. The rest of 
the body may then be drifted elsewhere, and sometimes may be 
swallowed entire by a predaceous reptile or fish, such as an ich- 
thyosaur or a shark.’ 

As all tlio above-mentioned Purbeck marsupials, belonging to 
ten genera and to twenty-five species insectivorous, predaceous, 
and herbivorous, have been obtained from an area less than 
600 square yards in extent, and from a single stratum not more 
than a few inches thick, we may safely conclude that the whole 
lived together in the same region, and in all. likelihood they 
constituted a mere fraction of the mammalia which inhabited 
the lands drained by one river and its tributaries. They afford 
the first positive proof as yet obtained of the co-existence of a 
varied: fauna of the highest class of vertebrata with that ample 
development of reptile life which marks all the periods from the 
1 Owen, Fossil Mammalia of the Purbeck, Paleon. Soc. 1871. 
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Trias to the Lower Cretaceous inclusive, and with a gymno- 
spermous flora, or that state of the vegetable kingdom when 
cycads and conifers predominated over all kinds of plants, except 
the ferns, so far at least as our present imperfect knowledge of 
fossil botany entitles us to speak. 

The annexed table will enable the reader to see at a glanco 
how conspicuous a part, numerically considered, the mammalian 
species of the Middle Purbeck now play when compared with 
those of other formations more ancient than the Paris gypsum, 
and at the same time it will help him to appreciate the enor- 
mous hiatus in the history of fossil mammalia, which at present 
occurs between the Eocene and Purbeck periods, and between 
the latter and the Stones£eld Oolite, and between this again and 
the Trias. 


Number and Distribution of all the known Spec* 
maliafrpm Strata older than the Faris Gyps 
BcmbrUhjc Series of the Isle of H r 

" Headon Series and beds be- 
tween the Paris Gypsum 
and the Gres de Beau- 
champ . 

Barton Clay and Sables de ] 
Beaucliamjj . . . J 

Bagsliot Beds, Caleaire Gros- 1 


Tertiary. 


Secondary. 


ies of Fossil Mam - 
am, or than the 
l</ht. 


14 f 10 English. 
I 4 French. 


igsliot Beds, Caleaire Gros- 1 r 10 French, 
sier, and Upper Soisson- r 20 J 1 English, 
nais of Cuisse-Lainotte . J [ 3 U. States. 1 


London Clay, including the 
Kyson Sand . 

Plastic Clay and Lignite . 

Sables de Bracheux . 
Thanet Sands and Lower 
Landenian of Belgium . 
' Maastricht Chalk 
White Chalk 
Chalk Marl 

Chloritic Series (Upper 
Greensand) 

Gault . 

Neocomian (Lower Green- 
sand) .... 
^Wealden . 


7 English. 

q f 7 French. 

t 2 English. 
1 French. 


1 I allude to several Zeuglodons found in Alabama, 
zoologists to three species. 

T> 2 


and referred by some 
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Secondary 

{continued). 


” Upper Purbeck Oolite 
Middle Purbeck Oolite 
Lower Purbeck Oolite 
Portland Oolite . 
Kimmeridge Clay 
Coral Rag . 

Oxford Clay 
Great Oolite 
Inferior Oolite . 

Lias .... 


Primary. 


Upper Trias 

Middle Trias 
_ Lower Trias 
" Permian . 
Carboniferous 
Devonian . 
Silurian 
Cambrian . 

_ Laurentian 


% 


0 

25 Swanage 
0 
0 
0 
0 
0 

4 Stonesfield. 
0 
0 


{ Wurtemberg. 
Somersetsli. 
N. Carolina. 


0 

0 

0 

0 

0 

0 

0 

0 


The Sables de Braelieux, enumerated in the Tertiary division 
of the table, supposed by Mr. Prostwich to be somewhat newer 
than the Thanet Sands, and by M. Hebert to be of about that 
age, have yielded at La Fere the A rctonjon (I’alseo cyo ) t,) pi • imesm t a, 
the oldest known tertiary mammal. 

It is worthy of notice, that in the Hastings Sands there .are 
certain layers of clay and sandstone in which numerous foot- 
prints of quadrupeds have been found by Mr. Beckles, and 
traced by him* in the same set of rocks through Sussex and the 
Isle of Wight. They appear to belong to three or four species 
of reptiles, and no one of them to any warm-blooded quadruped. 
They ought, therefore, to serve as a warning to us, when we fail 
in like manner to detect mammalian footprints in older rocks 
(such as the New Red Sandstone), to refrain from inferring that 
quadrupeds, other than reptilian, did not exist or pre-exist. 

But the most instructive lesson read to us by the Purbeck 
strata consists in this : — They are all, with the exception of a 
few intercalated brackish and marine layers, of freshwate r 
orig in ; they are ICO feet in thickness, have been well searched 
by skilful collectors, and by the late Edward Forbes in par- 
ticular, who studied them for months consecutively. They have 
been numbered, and the contents of each stratum recorded sepa- 
rately, by the officers of the Geological Survey of Great Britain. 
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They have been divided into three distinct groups by Forbes, 
each characterised by the same genera of pulmoniferous mollusca 
and cyprides, these genera being represented in each group by dif- 
ferent species ; they have yielded insects of many orders, and the 
fruits of several plants ; and lastly, they contain ( dirt-beds,’ or 
old terrestrial surfaces and vegetable soils at different levels, in 
some of whic h ere ct trunks and stumps of cycads and conifers, 
with their roots still attached to them, are preserved. Yet when 
the geologist enquires if any land animals of a higher grade than 
rej)tiles lived during any one of these three periods, the rocks 
are all silent, save one thin layer a few inches in thickness ; and 
this single page of the earth’s history has suddenly revealed to 
us in a few weeks the jneuiorials of so many sx3ecies of fossil 
mammalia, that they already outnumber those of many a sub- 
division of the tertiary series, and far surpass those of all the 
other secondary rocks put together ! 

Lower Purled '. — Beneath the thin marine band mentioned at 


p. 311 as the base of the Middle Purbeck some purely freshwater 
marls occur, containing species of Vypris (lig. 313 a, c), Valvata, 
and Limniea, different from Fi „ 313> 


those of the Middle Purbeck. 
This is the beginning of the 
inferior division, which is about 
80 feet thick. Below the marls 
are seen, at Me up’s Bay, more 
than 30 feet of brackish-water 



m linn nrli tier in n minrins «. Cypris Purbcckensis, Forbes, 
stiata, abounding in a species b sumo minified. 

of Serjmla, allied to, if not iden- Cypris puncWo, Fori**. 

tical with, ,S irrjmla coarerrites, 'i-'wo views magnified of the sumo. 

found in beds of the same age in Hanover. There are also shells 
of the genus Pisa oa (of the subgenus Jlydrobia ), and a little 
Cardium of the subgenus Protocard him, in these marine beds, 
together with Cypris. Some of the cypris-bearing shales are 


strangely contorted and broken up, at the w r est end of the Isle 
of Purbeck. The great dirt-bed or vegetable soil containing the 
roots and stools of Cycadar, which I shall presently describe, 
underlies these marls, and rests upon the lowest freshwater 
limestone, a rock about eight feet thick, containing Cyclas , Val- 
vata , and Limneea , of the same species as those of the upper- 
most part of the Lower Purbeck, or above the dirt-bed. The 
freshwater limestone in its turn rests ui>on the top beds of 
the Portland stone, which, although it contains purely marine 
remains, often consists of a rock undistinguishable in mineral 
character from the Lowest Purbeck limestone. 


Dirt-bed or ancient surface soil . — The most remarkable of all 
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the varied succession of beds enumerated in the above list, is 
that called by the quarryinen ‘ the dirt/ or ‘ black dirt/ which 
was evidently an ancient vegetable soil. It is from 12 to 18 
inches thick, is of a dark brown or black colour, and contains a 
large proportion of earthy lignite. Through it are dispersed 
rounded and sub-angular fragments of stone, from 3 to 9 inches 
in diameter, in such numbers that it almost deserves the name 
of gravel. I also saw in 1806, in Portland, a smaller dirt-bed 
six feet below the principal one, six inches thick, consisting of 
brown earth with upright Cycads of the same species ( Mantcliia 
nidi form is , fig. 314) as those found in the upper bed, but no Coni - 
for iv. The weight of the incumbent strata squeezing down the com- 
pressible dirt-bed has caused the Cycads to assume that form 
which has led the quarrymeu to call them ‘ i>etrified birds’ nests/ 
which suggested to Brongniart the specific name of nidiformis. 

I am indebted to Mr. Carruthers for the annexed figure of one 
of these Purbcck specimens, in which the original cylindrical 
figure has been less distorted than usual by pressure ; and I add 
a figure of the living Cycas that the student may have an idea 
of a form fSo predominant in Mesozoic vegetation. 

Fig. sir,. 



stem ; the lower part the bases Circa s ctrcinali*. Living in the East 

of the leaves. Indies . 1 

Many silicified trunks of coniferous trees, and the remains of 
plants allied to Zamia and Cycas, are buried in this dirt-bed, 
and must have become fossil on the spots where they grew. 
1 Hooker, Descriptive and Analytical Botany, 1873, p. 75*2. 
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The stumps of the trees stand erect for a height of from one to 
threo. feet, and even in one instance to six feet, with their roots 
attached to the soil at about the same distances from one another 
as the trees in a modern forest. The carbonaceous matter is 
most abundant immediately around the stumps, and round 
the remains of fossil Cycadeas. 

Besides the upright stumps above mentioned, the dirt -bed 
contains the stems of silicified trees laid prostrate. These are 
partly sunk into the black earth, and partly enveloped by a 
calcareous shale which covers the dirt-bed. The fragments of 
the prostrate trees are rarely more than threo or four foet in 
length ; but, by joining many of them together, trunks have been 
restored, having a length from the root to the branches of from 
20 to 23 feet, the stems being undivided for 17 or 20 feet, and 
then forked. The diameter of these near the root is usually 
about one foot, but I measured one myself in I860, which was 
3J feet in diameter, said by the quarry men to bo unusually 
large. Boot-shaped cavities were observed by Professor H enslow 
to descend from the bottom of the dirt-bed into the subjacent 
freshwater stone, which, though now solid, must have been in a 
soft and penetrable state when the trees grew. The thin layers 
of calcareous shale (fig. 316) were evidently deposited tranquilly, 
Fig. 31G. 

Freshwater calcareous shale. 


Dirt-bed and ancient forest. 

Lowest freshwater beds of the 
Lower Purbeck. 

Portland stone, marine. 

Section in Isle of Portland, Dorset. (Duckland and De la Beche.) 

and would have been horizontal but for the protrusion of the 
stumps of the trees, around the top of each of which they form 
hemispherical concretions. 

The dirt-bed is by no means confined to the island of Portland, 
where it has been most carefully studied, but is seen in the 
same relative position in the cliffs east of Lulworth Cove, in 
Dorsetshire, where, as the strata have been disturbed, and are 
now inclined at an angle of 45°, the stumps of the trees are also 
inclined at the same angle in an opposite direction — a beautiful 
illustration of a change in the position of beds originally hori- 
zontal (see fig. 317). 

From the facts above described we may infer, first, that those 
beds of the Upper Oolite, called ( the Portland/ which are full 
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of marine shells, were overspread with fluviatile mud, wliich 
became dry land, aiid covered by a forest, throughout a portion 
Fig. 317. 



Section of cliff cast of Lulwovlh Cove. (JJucklanil and De la Iieclic.) 


of the space now occupied by the South of England, the climate 
being such as to permit tho growth of the Zamia and Cycas. 
2ndly. This land at length sank down and w as submerged with 
its forests beneath a body of fresh water, from which sediment 
was throw n down enveloping fluviatile shells, flrdly. The regu- 
lar and uniform preservation of this thin bed of black earth 
over a distance of many miles, shows that the change from dry 
land to the state of a freshwater lake or estuary, was not accom- 
panied by any violent denudation, or rush of water, since the 
loose black earth, together w’itli the trees which lay prostrate on 
its surface, must inevitably have been swept away had any such 
violent catastrophe taken place. 

The forest of the dirt-bed, as before hinted, was not every- 
where the flrst vegetation which grew in this region. Besides 
the lower bed containing upright Cycadene, before mentioned, 
another has sometimes been found above it, which implies oscil- 
lations in the level of the same ground, and its alternate occu- 
pation by land and water more than once. 

tfub-dfoisUm* of ihc FvrtncJc . — It will be observed that the 
division of the Purbecks into upper, middle, and knver, "was made 
by Professor Forbes strictly on the principle of the entire dis- 
tinctness of the species of organic remains wliich they include. 
The lines of demarcation are not lines of disturbance, nor indi- 
cated by any striking variations in physical or mineral character. 
The features which attract the eye in the Purbecks, such as the 
*dirt-beds, the dislocated strata at Lulwortli, and the Cinder- 
bed, do not indicate any breaks in the distribution of organised 
'beings. ‘ The causes which, led to a complete change of life 
! three times during the deposition of the freshwater and brackish 
strata must/ says this naturalist, ‘ be sought for, not simply in 
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either a rapid or a sudden change of their area into land or sea, 
but in the great lapse of time which intervened between the 
epochs of deposition at certain periods during their formation. ’ 

Each dirt-bed may, no doubt, be the memorial of many thou- 
sand years or centuries, because we find that tAvo or three feet 
of A r egetable soil is the only monument which many a tropical 
forest has left of its existence CA r er since the ground on which it 
now stands was first covered with its shade. Yet, even if we 
imagine the fossil soils of the LoAA r er Purbeck to represent as 
many ages, avc need not be surprised to find that they do not 
constitute lines of separation between strata characterised by 
dilferent zoological types. The preservation of a layer of A-ege- 
table soil, when in the act of being submerged, must be re- 
garded as a rare exception to a general rule. It is of so perish- 
able a nature, that it must usually bo carried away by tlio 
denuding waves or currents of the sea, or by a rrfer ; and many 
Purbeck dirt-beds Avere probably formed in succession and 
annihilated, besides those few which now remain. 

The plants of the Purbeck beds, so far as our knowledge ex- 
tends at present, consist chiefly of Ferns, Coniform, and Cycadm 
(fig. 315), without any angiosperms ; the whole more allied to 
the Oolitic than to the Cretaceous vegetation. The same affinity 
is indicated by the vertebrate and invertebrate animals. Mr. 
Brodie has found the remains of beetles and several insects of 


the homopterous and neuropterous orders, some of which now 
live on plants, Avliile others are of such forms as hover over 


the surface of our present rivers. 

Portland Oolite and sand (/>, Tab., 
p. 308). — The Portland oolite has 
already been mentioned as forming in 
Dorsetshire the foundation on which 
the freslnvater limestone of the Lower 
Purbeck reposes (see p. 317). It sup- 
plies the well-known building-stone of 
which St. Paul’s and so many of the 
principal edifices of London are con- 
structed. About fifty species of mol- 
lusca occur in this formation, among 
which arc sonic ammonites of large 
size. The cast of a spiral univalve 
called by the quarrymen the ‘ Portland 


Ficr. yis. 




screw ’ («, fig. 318), is common; the Ceriihium Povtiandicum 


shell of the same (6) being rarely met (-Ter cbm), Sow. 


with. Also Trkfonia yibbosa (fig. 320) «• * r ° 

and Cardlum dissimile (fig. 321). This i. The siieiSeii’. 
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upper member rests on a dense bed of sand, called the Portland 
sand, containing sirpilar marine fossils, below which is the Kim- 



Fig. :rai . 




Osirca cxpansa. 



Portland Sand. 


mcridge clay. In England these Upper Oolite formations are 
almost wholly confined to the southern counties. But some 
fragments of them occur beneath the Neocomian or Speeton 


l’te. 


r,2n. 



Cardi urn stria! at a m . 
Kimmcridge Clay, 
Hartwell. 


Fig. 324. 



Oslrea deltoidea, 
Kimmeridgc Clay, £ nat. size. 


Fig. 320. 



Gryphwa ( Exogyra ) 
virguta. 

Kimmeridge Clay 


clay on the coast of Yorkshire, containing many more fossils 
common to the Portlandian of the Continent than does the same 
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formation in Dorsetshire. Corals are rare in this formation, 
although one species is found plentifully at Tisbury, Wiltshire, 
in the Portland sand, converted into flint and chert, the original 
calcareous matter being replaced by silex (fig. 310). 

Kimmeridge clay*. — The Kimmeridge clay consists, in great 
part, of a bituminous shale, sometimes forming an impure coal, 
several hundred feet in thickness. In some places in Wiltshire 
it much resembles peat ; and the bituminous matter may have 
been, in part at least, derived from the decomposition of vege- 
tables. But as impressions of plants are rare in these shales, 
which contain ammonites, oysters, and other marine shells, with 
skeletons of fish and saurians, the bitumen may perhaps bo of 
animal origin. Some of the saurians (Pliosaurus) in Dorset- 
shire are among the most gigantic of their kind. 

Among the fossils, amounting to nearly 100 specios, may be 
mentioned Canlium striatulum (fig. 323) and Ostrea deltoidea 
(fig. 324), the latter found in the Kimmeridge clay throughout 
England and the north of France, and also in Scotland, near 
Brora. The Grypluxa virgnla (fig. 325), also met with in the 
Kimmeridge clay near Oxford, is so abundant in the Upper 
Oolite of parts of France, as to have caused the deposit to 
be termed ‘ marnes h gryphfies virgules.’ Near Clermont, in 
Argonne, a few leagues from St. Menehould, where these in- 
durated marls crop out from beneath the gault, 

I have seen them, on decomposing, leave the 
surface of every ploughed field literally strewed 
over with this fossil oyster. The Trigoncllites 
latus (Aptychusj of some authors) (fig. 32G) is 
also widely dispersed through this clay. The 
real nature of the shell-like body, of which TrigoncUitcs latus, 
there are many species in oolitic rocks, is still a ximmcAdgc Clay 
matter of conjecture. Some are of opinion that 
the two plates have been the gizzard of a cephalopod ; others 
that it may have formed a bivalve operculum of the same. 

Solenbofen stone. — The celebrated lithographic stone of 
Solenhofen in Bavaria, appears to be of intermediate age 
between the Kimmeridge clay and the Coral Rag, presently to 
be described. It affords a remarkable example of the variety 
of fossils which may be preserved under favourable circum- 
stances, and what delicate impressions of the tender parts of 
certain animals and plants may be retained where the sediment 
is of extreme fineness. Although the number of testacea in 
this slate is small, and the plants few, and those all marine, 
Count Munster had determined no less than 237 species of 
fossils when I saw his collection in 1833 ; and among them no 


Fig. 32G. 
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less than seven species of flying reptiles or i^terodactyls (see 
fig. 327), six saurians, three tortoises, sixty species of fish, forty- 
six of Crustacea, and twenty-six of 
insects. These insects, among which 
is a libel lula, or dragon-fly, must have 
been blown out to sea, probably from 
the same land to which the Ptero- 
dactyls, and other contemporaneous 
air breathers, resorted. 

In the same slate of Solenliofen a 
line example was met with in 1862 of 
the skeleton of a bird almost entire, 
and retaining even its feathers so 
perfect that the vanes as well as the 
shaft are preserved. The head was at 
first supposed to be wanting, but 
Mr. Evans detected on the slab what 
pnrt'of Tho iifi./"«r seems to be the impression of the 

outermost digit' elongated, for cranium and beak, much resembling 

the support ol n winy. . , . \ , r ° 

m size and shape that of the jay or 

woodcock. This valuable specimen is now in the British 
Museum, and has been called by Professor Owen Archxopteryx 
macntv«. Although anatomists agree that it is a true bird, yet 
they also find that in the length of the bones of the tail, and some 
other minor points of its anatomy, it approaches more nearly 
to reptiles than any known living bird. In the living repre- 
sentatives of the class Aves, the tail feathers are attached to 
a eoceygian bone, consisting of several vertebive united together ; 
whereas in the Arclueopteryx the tail is composed of twenty ver- 
tebrie, each of which supports a pair of quill feathers. The first 
five only of the vert el >ne, as seen in A (fig. 328), have transverse 
processes, the fifteen remaining ones become gradually longer 
and more tapering. The feathers diverge outward from them 
at an angle of 45°. 

Professor Huxley in his late memoir on the order of reptiles 
called Dinosaurians, which are largely represented in all the 
formations, from the Neocomian to the Trias inclusive, has 
shown that they present in their structure many remarkable 
affinities to birds. But a reptile about two feet long, called 
Compsognathus, lately found in the Stonesfield slate, makes a 
much greater approximation to the class Aves than any Dino- 
saur, and therefore forms a closer link between the classes Aves 
and Reptilia than does the Archaeopteryx. 

It appears doubtful whether any species of British fossil 
whether of the vertebrate or invertebrate class, is common to the 


Tig. 327. 



Oulitv ol' 3‘Hppeiihcim, near 
Solonliofcn. 
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Oolite and Chalk. But there is no similar break or discordance 
as we proceed downwards, and pass from one to another of the 


Fig. 328. 



Tail and feather of Archceophry.v, from Rolcnhofen, and tail of living bird for 
comparison. 

A. Caudal vertebra? of Archaeopteryx imtc.ru ra, Owen; with impression of tail 
feathers. nat. size. 

P>. Two caudal vertebra! of same, nat. size 

C. Single feather, found in lxai at Solenhofen, by Yon Moyer, and called Archaio- 

ptero.v lUhot/raphicct . Nat. size. 

D. Tail of recent vulture (Oops Hcn<jalcn#is) t i showing attachment of tail-feathers in 

living birds, j nat. size. 

E. Profile of caudal vertebral of same. ^ nat. size. «■, c. Direction of tail-feathers 

when seen in profile. /. Ploughshare bone or broad terminal joint (seen 
also in/, D.) 

several leading members of the Jurassic group, the Upper, 
Middle, and Lower Oolite, and the Lias, there being often a 
considerable proportion of the mollusca, sometimes as much 
as a fourth, common to such divisions as the Upper and Middle 
Oolite. 


MIDDLE OOLITE. 

Coral Rag*. — One of the limestones of the Middle Oolite has 
been called the ‘Coral Rag,’ because it consists, in part, of 
continuous beds of petrified corals, most of them retaining the 
position in which they grew at the bottom of the sea. In their 
forms they more frequently resemble the reef -building pulyparia 
of the Pacific than do the corals of any other member of the 
Oolite. They belong chiefly to the genera Thcconmilia (fig. 329), 
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Protoscrvi , and Thamjuistrgea , and sometimes form masses of 
coral fifteen feet thick. In the annexed figure of a Thamnastn ea 
(fig. 330), from this formation, it will be seen that the cup- 




T W 


Thecmmilia annular is, Milne Edw. and 
J. lluimc. Coral Rug, Steeple Asliton. 




Thamnaslrcea. 

Coral Rag, Steeple Ashton. 


shaped cavities are deepest on the right-hand side, and tliac 
they grow more and more shallow, until those on the left side 
are nearly filled up. The last-mentioned stars are supposed to 
represent a perfected condition, and the others an immature 
state. These coralline strata extend through the calcareous 
hills of the north-west of Berkshire, and north of Wilts, and 
again recur in Yorkshire, near Scarborough. The Ostrca gre - 
garca (tig. 331) is very characteristic of the formation in 
England and on the Continent. 

Fig. 332. 


Osfrea gregarea. 

Coral Rag, Steeple Ashton. 


Nerincca GoodhaUii, Fitton. 
Coral Rag, Weymouth. I nat. size. 


One of the limestones of the Jura, referred to the age of the 
English coral rag, has been called ‘ Nerintean limestone ’ (Cal- 
caire h Nerinees) by M. Thirria ; Ncrimm being an extinct 
genus of univalve shells (fig. 332) much resembling Cerithium in 
external form. The annexed section shows the curious and 
continuous ridges on the columella and whorls. 
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Oxford clay. — The coralline limestone, or 1 coral rag,’ abovo 
described, and tlie accompanying sandy beds, called ‘calcareous 
grits,* of the Middle Oolite, rest on a thick bed of clay, called 
the ‘ Oxford Clay/ sometimes not less than GOO feet thick. In 
this there are no corals, but Fig. 333 . Fig. 335 . 


great abundance of cephalopoda, 
of the genera Ammonite and 
Belemnite (see figs. 333 and 
334). In some' of the finely 
laminatod clays ammonites are 
very perfect, although some- 
what compressed, and arc fre- 
quently found with the lateral 
lobe extended on each side of 
the aperture into a horn -like 
projection (see fig. 334). These 
were discovered in the cuttings 
of the Great Western Railway, 

Fig. 334. Oxford Clay. 



Ammonites Jason , Ilcinoeko. (Syn. A. Elizabethan, Pratt.) 
Oxford Clay, Christian Halford, Wiltshire. 




Bdemnites Puzosianus , 
d’Orb. 

B. Oicen ii , Pierce. 

Oxford Clay, Christian 
Halford. 

a. Section of the shell 
projecting from tho 
pliragmacone. 

b-c. External covering to 
the ink-bag and phrag- 
macone. 

c, d. Osselet, or that por- 
tion commonly called 
the belemnite. 

c. Conical chambered 
body called the phrag- 
maconc. 

f. Position of ink-bag 
beneath the shelly co- 
vering. 


near Chippenham, in 1841, and have been described by Mr. 
Pratt (in. Nat, Hist . , Nov. 1841). 

Similar elongated processes have been also observed to extend 
from the phragmacone of some belemnites discovered by Dr. 
Mantell in the same clay (see fig. 335), who, by the aid of this 
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and other specimens, has been able to throw much light on tho 
structure of singular extinct forms of cuttle fish. 1 

Jtelloway rock. — The arenaceous limestone which passes 
under this name is generally grouped as a member of the Oxford 
clay, in which it forms, in the south-west of England, lenticular 
masses, 8 or 10 feet thick, containing at Kelloway, in Wiltshire, 
numerous casts of ammonites, and other shells. But in York- 
shire this calcareo-arenaceous formation thickens to about 30 
feet, and constitutes the lower part of the Middle Oolite, ex- 
tending inland from Scarborough in a southerly direction. Tho 
number of mollusca which it contains is, according to Mr. Ethe- 
ridge, 143, of which only 34, or 23^ percent., are common to 
the Oxford clay proper. Of the 52 Cephalopoda, fifteen (namely 
13 species of ammonite, the A nci/l< terras Callovicnac and one 
Bolemnito) arc common to the Oxford clay, giving a proportion 
of nearly 30 per cent. 


LOWER OOLITE. 

Cornbrasli and Forest Marble. — The upper division of this 
scries, which is more extensive than the preceding or Middle 
Oolite, is called in England the Cornbrasli, as being a brashy, 
easily broken rock, good for corn land. It consists of clays and 
calcareous sandstones, which pass downwards into the Forest 
Marble, an argillaceous limestone, abounding in marine fossils. 
In some places, as at Bradford, this limestone is replaced by a 
mass of clay. The sandstones of the Forest Marble of Wiltshire 
are often ripple-marked and filled with fragments of broken 
shells and pieces of drift-wood, having evidently been formed 
on a coast. Hippie d slabs of fissile oolite are used for roofing, 
and have been traced over a broad band of country from Brad- 
ford in Wilts, to Tetbury in Gloucestershire. These calcareous 
tile-stones are separated from each other by thin seams of clay, 
which have been deposited upon them, and have taken their 
form, preserving the undulating ridges and furrows of the sand 
in such complete integrity, that the impressions of small foot- 
steps, apparently of crustaceans, which walked over the soft, wot 
sands, are still visible. In the same stone the claws of crabs, 
fragments of echini, and other signs of a neighbouring beach, 
are still observed. 2 

Great (or Batb) Oolite. — Although the name, of coral rag 
has been appropriated, as we have seen, to the highest member 
of the Middle Oolite before described, some portions of tho 

1 See Phil. Trans. 1850, p. 303 ; also 2 P. Scrope, Proc. Geol. Soe., March 
Huxley, Memoirs of Geol. Survey, 1831. 

1SG4 ; Phillips, Paleont. Soc. 
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Lower Oolite are equally entitled in many places to be called 
coralline limestones. Thus the Great Oolite near Bath contains 
various corals, among which the Eunomia rcidiata (tig. 330) is 

Fig. aye;. 





Eunomia radiata , Eamouroux. ( t’alamophnUht , Milne Edw.) 

a. Section transverse to the tubes. 

b. Vertical section, showing the radiation of the tribes. 

c. Portion of interior or tubes magnified, showing striated surface. 

very conspicuous, single individuals forming masses several feet 
in diameter ; and having probably required, like the large exist- 
ing brain-coral (Mecmdrina) of the tropics, many centuries before 
their growth was completed. 

Different species of crinoids, or stone-lilies, are also common 
in the same rocks with corals ; and, like them, must have lived 
on a firm bottom, where their base of attachment remained un- 
disturbed for years (c, fig. 337). Such fossils, therefore, are 


Fig. :m7. 



Apiocrinites rotundas, or Tear Enorinitc ; Miller. Fossil at Bradford, Wilts. 

а. Stem of Apiocrinites, and one of the articulations, natural size. 

б. Section at Bradford of Great Oolite and overly ing clay, containing the fossil 

enorinites. 

c. Three perfect individuals of Apiocrinites, represented as they grew on the surface 

of the Great Oolite. 

d. Body of the Apiocrinites rotundas. Half nat. size. 

almost confined to the limestones ; but an exception occurs at 
Bradford, near Bath, where they are enveloped in clay some- 
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times 60 feet thick. In this case, however, it appears that the 
solid upper surface of the ‘ Great Oolite * had supported, for a 
time, a thick submarine forest of these beautiful crinoids, until 
the clear and still water was invaded by a current charged with 
mud, which threw down the stone-lilies, and broke most of 
their stems short off near the point of attachment. The stumps 
still remain in their original position ; but the numerous articu- 
lations, once coni 2 )osing the stem, arms, and body of the encri- 
nite, were scattered at random through the argillaceous deposit 
in which some now lie prostrate. These appearances are repre- 
sented in the section ?>, hg. 337, where the darker strata repre- 
sent the Bradford clay, which is, however, a formation of such 
local development that in many places it cannot be easily sepa- 
rated from the clays of the overlying 1 forest-marble ’ and un- 
derlying i fuller’s earth.’ The upjoer surface of the calcareous 
stone below is completely incrusted over with a continuous 
pavement, formed by the stony roots or attachments of the 
Crinoidea ; and, besides this evidence of the length of time they 
had lived on the spot-, wo find great numbers of single joints, 
or circular plates of the stem and body of the encrinitc, covered 
over with serpukv. Now these sc r pulse could only have begun 
to grow after the deatli of some of the stone-lilies, parts of 
whose skeletons had been strewed over the floor of the ocean 


Fig. 



a. Single pl.itc of body ol Apiocriiius, overgrown with sc rp it he and polyzoa. Natural 

size. Bradford Clay. 

b. Portion of the same magnified, showing the polyzoan Diastopova diluviana cover- 

ing one of the serpuhv. 

before the irruption of argillaceous mud. In some instances we 
find that, after the parasitic serpuhv were full grown, they had 
become incrusted over with a polyzoan, called Diastopova dilu- 
viana (see b, fig. 338) ; and many generations of these inolluscoids 
had succeeded each other in the pure water before they became 
fossil. 


Such differences in the fossils as distinguish the calcareous 
and argillaceous deposits from each other, would be described 
by naturalists as arising out of a difference in the stations of 
species ; but besides these, there are variations in the fossils of 
the higher, middle, and lower part of the oolitic series, which 
must be ascribed to that great law of change in organic life by 
which distinct assemblages of species have been adapted, at suc- 
cessive geological periods, to the varying conditions of the habit- 
able surface. In a single district it is difficult to decide how- 
far the limitation of species to certain minor formations .has 
been due to the local influence of stations, or how far it has been 
caused by time or the law of variation above alluded to. But 
we recognise the reality of the last-mentioned influence, when 
we contrast the whole oolitic series of England with that of parts 
of the Jura, Alps, and Other distant regions, where, although 
there is scarcely any lithological resemblance, yet some of the 
same fossils remain peculiar in each country to the Upper, 
Middle, and Lower Oolite formations respectively. Mr. Thur- 
mann has shown how remarkably this fact holds true in the 
Bernese Jura, although the argillaceous divisions, so conspicuous 
in England, are feebly represented there, and some entirely 
wanting. 

The calcareous portion of the Great Oolite consists of several 
shelly limestones, one of which, called the Bath Oolite, is much 
celebrated as a building-stone. In parts of Gloucestershire, 
especially near Minchinliampton, the Great Oolite, says Mr. 
Lycett, ‘must have been deposited in a shallow sea, where 
strong currents prevailed, for there are frequent changes in the 
mineral character of the deposit, and some beds exhibit false 
stratification. In others, heaps of broken shells are mingled 
with pebbles of rocks foreign to the neighbourhood, and with 
fragments of abraded madrepores, dicotyledonous wood, and 
crabs’ claws. The shelly strata, also, have occasionally suffered 
denudation, and the removed portions have been replaced by 
clay.’ In such shallow- water beds shells of the genera Patella , 
Nerita, Pimula, and Cylindrites are common (see figs. 341 to 344) ; 
while cephalopods are rare, and, instead of ammonites and be- 
lemnites, numerous genera of carnivorous trachelipods appear. 
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Out of 224 species of univalves obtained from the Minchinhamp- 
ton beds, Mr. Lycett found no less than 50 to be carnivorous. 


Fig. Ml. 


Cjilindrites amt us, Sow. 
Syn. Actaxm acutus. 

Great Oolite, 
Minch inliai npton . 

They belong principally to the genera Bttccinum, Plcurotoma , 
lioshllaria, Mu rex, Pit rpumldea (Jig. 040), and Puma, and ex- 
hibit a proportion of zoophagous species not very different from 

Fig. :m\ Fig. 313. Fig. Sil. 



Patella ruejosa. Sow. A’erita costuhita , Desh. Jibuti la, ( Emarginula ) 

GrniL Oolite. Great Oolite. clathrata , Sow. 

Great Oolite. 

that which obtains in seas of the Recent period. These zoolo- 
gical results are curious and unexpected, since it was imagined 
that we might look in vain for the carnivorous traclielipods in 
rocks of such high antiquity as the Great Oolite, and it was a 
received doctrine that they did not begin to appear in consider- 
able numbers till the Eocene period, when those two great 
families of cephalopoda, the Ammonites and Belemnites, and a 
great number of other representatives of the same class of 
chambered shells, had become extinct. 

Stones field slate s Mammalia. — The slate of Stonesfield has 
been shown by Mr. Londsdale to lie at the base of the Great 
Oolite. 1 It is a slightly oolitic shelly limestone, forming large 
lenticular masses embedded in sand, only 6 feet thick, but very 
rich in organic remains. It contains some pebbles of a rock 
very similar to itself, and which may be portions of the deposit, 
broken up on a shore at low water or during storms, and re- 
deposited. The remains of belemnites, trigonke, and other 

1 Proceedings Geol. Sue., vol. i. p. 414. 



Fig. 330. 



Terebratuta rfigoua, Sow. 
Nat. Bize. l.nulford Clay. 


Fig. 340. 



Purpuroidea uodulata. 
{ nat. size. Great 
Oolite, Minchinhanipto 




But the remarkable fossils for which the Stones- 
fleld slate is most celebrated are those referred to 
the mammiferous class. The student should be 
reminded that in all the rocks described in the 
preceding chapters as older than the Eocene, no 
bones of any land-quadruped, or of any cetacean, 
had been discovered until the #S vpalacot her kirn of 
the Purbeck beds came to light in 1854. Yet we have 
seen that terrestrial plants were not wanting in the Upper 
Cretaceous formation (see p. 285), and that in the Wealden there 
was evidence of freshwater sediment on a large scale, containing 
various plants, and even ancient vegetable soils. We had also 
in the same Wealden many land-reptiles and winged insects, 
which render the absence of terrestrial quadrupeds the more 
striking. The want, however, of any bones of whales, seals, 
dolphins, and other aquatic mammalia, whether in the chalk or 
in the Upper or Middle Oolite, is certainly still more remarkable. 

These observations are made to prepare the reader to appre- 
ciate more justly the interest felt by every geologist in the dis- 
covery in the Stonesfiold slate (see table, p. 315) of no less than 
ten specimens of lower jaws of mammiferous quadrupeds, 
belonging to four different species and to three distinct genera, 
for which the names of Amplutherimn, Phavcol other lam, and 
Stercognaihus have been adopted. 

It is now generally admitted that these are really the remains 
Fig. ‘iUi. 



Eljtron of 
llupresHs f 
, Stone, slioM. 



Tttpaia Tana. 


night ramus of lower jaw. 
Natural size*. 

A recent insectivorous placen- 
tal mammal, from Sumatra 


of mammalia (although it was at first suggested that they might 
bo reptiles), and the only question open to controversy is limited 
to this point, whether the fossil mammalia found in the Lower 
Oolite of Oxfordshire ought to he referred to the marsupial 
quadrupeds, or to the ordinary placental series. Cuvier had 
long ago pointed out a peculiarity in the form of the angular 
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process (c, figs. 349 and 350) of the lower jaw, as a character of 
the genus Didelphys ; and Professor Owen has since confirmed the 
doctrine of its generality in the entire marsupial series. In all 
these pouched quadrupeds this process is turned inwards, as at 
c, d, fig. 349, in the Brazilian o|)ossum, whereas in the placental 
series, as at c, figs. 347 and 348, there is an almost entire 


Fig. 347. Fig. 348. 


Fig. 84.0. Fig. 350. 





Fart of lower jaw of Tupaia Tana. 
Twice natural size. 


Fart of lower jaw of JHdelphys Azarce ; 
recent, Brazil. Natural size. 


Fig. 347. End view seen from behind, 
showing the very slight inflection 
of the angle at c. 

Fig. 348. Side view of samo. 


Fig. 340. End view seen from behind, 
showing the inflection of the anglo 
of the jaw, c, d. 

Fig. 350. Side view of same. 


absence of such inflection. The Tvpaia Tana of Sumatra has 
been selected by Mr. Waterhouse for tliis illustration, because 
the jaws of that small insectivorous quadruped bear a great 
resemblance to those of the Stonesfleld A mphitherium. By 
clearing away the matrix from tlie specimen of Amphithcrium 


Fig. 351. 
Natural size. 



Amphithevhnn Prerostii, Cnv. sp. Stonesfleld Slate. 

Syn. Thylacothcrium Prerostii , Valenc. 

a. Coronoid process. b. Condyle. c. Angle of jaw. d. Double-fan ged molars. 

PrevostU here represented (fig. 351), Professor Owen ascer- 
tained that the angular process (c) bent inwards in a slighter 
degree than in any of the known marsupialia ; in short, the in- 
flection does not exceed that of the mole or hedgehog. This fact 
made him doubt whether the Amphitherium might not be an 
insectivorous placental, although it offered some points of ap- 
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proximation in its osteology to the marsupials, especially to the 
Myrmecobius , a small insectivorous quadruped of Australia which 
has nine molars on each side of the lower jaw, besides a canine 
and three incisors. 1 * Another species of Amphitherinm lms 
been found at Stoncsficld (fig. 352), which differs from the 
former (fig. 351) principally in being larger. 


Fig. 352. 



Amphitheri um Jtroderipi /, 
Owen. Natural size. 
Stonesfleld Slate. 



riictscolotheriiim Jlucklandi , Brodcrip, sp. 

a. Natural size. 

b. Molar of same, magnified. 


The second mammiferous genus discovered in the same slates 
was named originally by Mr. Broderip T)ldrljthys Uncldamli (seo 
fig. 353), and has since been called Jdiascolotherimn by Owen. 
It manifests a much stronger likeness to the marsupials in the 
general form of the jaw, and in the extent and position of its in- 
flected angle, while the agreement with the living genus lluhlphys 
in the number of the pre-molar and molar teeth is complete. 3 

In 1854 the remains of another mammifer, small in size, but 
larger than any of those previously known, was brought to 
light. The generic name of titcrcoyuathvs was given to it, and, 
as is usually the case in these old rocks (see above, p. 314), it 



Portion of a fossil fruit of Podo - 
cai'ya Bucklandi , Ting., mag- 
nified. (Buckland’s Bridgw. 
Treatise, PI. f>3.) Inferior 
Oolite, Charmouth, Dorset. 

1 A figure of this recent Myrme- 

cobius will be found in my Principles 

of Geology, chap. ix. 


Cone of fossil Araucaria Bphcerocarpa, Carr. 
Inferior Oolite. Bruton, Somersetshire. 
$ diameter of original. In the col- 
lection of the British Museum. 

2 Owen’s British Fossil Mammals, 

p. 62. 
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consisted of part of a lower jaw, in which were implanted three 
donble-fanged teeth, differing in structure from those of all 
other known recent or extinct mammals. 

Plants oftlie Oolite. — The Araucarian pines, which are now 
abundant in Australia and its islands, together with marsupial 
quadrupeds, arc found in like manner to have accompanied the 
marsupials in Europe during the Oolitic period (see fig. 355). 
In the same rock cndogens of the most perfect structure are met 
with, as, for example, fruits allied to the Pandanus, such as the 
Kaidacarpum oollticum of Carruthers in the Great Oolite and 
the Podocarya of Buckland (see fig. 354) in the Inferior Oolite. 
Fuller’s Earth. — Between the Great and Inferior Oolite in 
n „ c the West of England, an argillaceous deposit, 
0> ‘ called ‘ the fuller’s earth,’ occurs; but it is 
wanting in the north of England. It abounds 
WS) ’ n ^ 10 small oyster represented in fig. 356. The 
number of mollusca known in this deposit is 
Ostroa acuminata. a hout seventy ; namely, fifty Lamellibranchiate 
Fullers Earth. Bivalves, ten Bracliiopods, three Gasteropoda, 
and seven or eight Cephalopods. 

Inferior Oolite. — This formation consists of a calcareous free- 
stone, usually of small thickness, but attaining in some places, 
as in the typical area of Cheltenham and the Western Cots- 
wolds, a thickness of 250 feet. It sometimes rests upon yellow 
sands, formerly classed as the sands of the Inferior Oolite, but 
now regarded as a member of the Upper Lias. Tlieso sands 
repose upon the Upper Lias clays in the south and west of 
England. The Collyweston slate, formerly classed with the 
Great Oolite, and supposed to represent in Northamptonshire 
the Stonesfield slate, is now found to belong to the Inferior 
Oolite, both by community of species and position in the series. 
The Collyweston beds, on the whole, assume a much more 
marine character than the Stonesfield slate. Nevertheless, one 
of the fossil plants (Amides titutterdi, Carr.), remarkable, like 
the Pandanaceous species before-mentioned (fig. 354), as a 
representative of the monocotyledonous class, is common to the 
Stonesfield beds in Oxfordshire. 

The Inferior Oolite of Yorkshire consists largely of shales and 
sandstones, which assume much the asy>ect of a true coal-field, 
thin seams of coal having actually been worked in them for 
more than a century. A rich harvest of fossil ferns has been 
obtained from them, as at Gristhorpe, near Scarborough (fig. 357). 
They contain also C 3 r cadas, of which family a magnificent spe- 
cimen has been described by Mr. Williamson under the name 
Zamia Gigas, and a fossil called Pqnisetum Colnmnare (see fig. 
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404, p. 3G4), which maintains an upright position in sandstone 
strata over a wide area. Shells of Estluria and l r n i<>, collected 
Fig. 337. 



lie ml (elites firoir/iii, Goepp. Syn. Phlebopfvi is eonthma, Liad. and Unit. 
Lower carbonaceous strata, Inferior Oolite shales. Gristhorpe, Yorkshire. 


by Mr. Bean from these Yorkshire coal-bearing beds, point to 
the estuary or fiuviatilo origin of the deposit,. 

At Brora, in Suthorlandshire, a coal seam probably coeval 



with the above, 1 or at least belonging to the Ivelloway Itock, the 
lowest marine bed of the Oolitic period, was extensively mined 
nearly a century ago. It allbrds the thickest stratum of pure 
Fig. MI. IV. 



Plenrotbmaria granulata , Sown Plenrotomaria ornalu , 
Ferruginous Ool., Normandy. Sow. S]>. ' 

Inferior Oolite, England. Iuferior Oolite. 

Under side. A uat. size. 



Col hj rites ( Jhtsastcr) 
rimjens, Agass. 

Inf. Ool., Somersetshire. 


vegetable matter hitherto detected in any secondary rook in 
England, upwards of 80,000 tons having been extracted. One 
1 See Judd, Quart. Geol. Journ., vol. x&ix. p. 1(51, 
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seam of coal of good quality, 3J feet thick, is now being worked, 
and there is pyritous coal resting upon it. The roof-bed of the 
coal is literally composed of marine shells, such as Pholadomya, 
Trigoida, Goniornya , Ptvropcrna , Cerithium , &c. 

Among the characteristic shells of the Inferior Oolite, I may 
instance Tv t rhratul a fimbria (fig. 358), Phynchonella spinosa (fig. 
359), and Pholadomya fidicula (fig. 3G0). The extinct genus 
Pleurotomaria is also a form very common in this division as 
well as in the Oolitic system generally. It resembles Trochus 
in form, but is marked by a deep cleft (a, figs. 361, 362) on one 


Fig. 364. 



A wniviiitcs Jlumphrcsianits, Sow. Inferior Oolite. 

side of the aperture. The Colly riles ( Dysaster ) ringens (fig. 3G3) 
is an Echinoderm common to the Inferior Oolite of England 
and France, as arc the two Ammonites (figs. 364, 365). 


Fig. 


3fi5. 


Fig. 3 66. 



Ammonites liraikenrhhjii , Sow. Ostrra MaraJiii. i natural size. 

Oolite, Scarborough. Middle and Lower Oolite, 

Inf. Ool., Dundry; Calvados; &c. 


Palaeontological relations of the Oolitic strata. — Obser- 
vations have already been made (p. 324) on the distinctness of 
the organic remains of the Oolitic and Cretaceous strata, and 


CH. XIX.] 


OOLITIC STRATA. 


339 


the proportion of species common to the different members of 
the Oolite. Between the Lower Oolite and the Lias there 
is a somewhat greater break, for out of 250 mollusca of tho 
Upj>er Lias, thirty-seven species only pass up into the Inferior 
Oolite. 


In illustration of shells having a great vertical range, it may 
be stated that in England some few species pass up from the 


Lower to the Upper Oolite, as, for example, 
Rhynchonella obsoieta , Lithodomus indiums, 
Pholadomya avails , and Trigonin costata. 

Of all the Jurassic Ammonites of Great 
Britain, A. mavrocophalus (lig. 307), which 
is common to the Great Oolite and Oxford 
Clay, has the widest range. 

We have every reason to conclude that the 



gaps which occur, both between the larger . 

& j ,, t i ^ Amnwmtrsmacrocephalus 

and smaller sections of the English Oolites, Hi-hioth. k nut. size. 

imply intervals of time elsewhere rei>resented Gmit ° ol ^ 1 ( a j“ ,a 0xforfl 
by fossiliferous strata, although no deposit 
may have taken place in the British area. This conclusion is 
warranted by the partial extent of many of the minor and some 
of the larger divisions even in England. 
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CHAPTER XX. 

JURASSIC group — continued, lias. 

Mineral character of Lias — Numerous successive Zones in the Lias, marked 
by distinct fossils, without unconformity in the stratification, or change in 
the mineral character of the deposits — Gryphite limestone — Shells of the 
Lias — Fish of the Lias — L’eptiles of the Lias — Ichthyosaur and Plesiosaur 
— Marine Pep tile of the Galapagos Islands — Sudden destruction and burial 
of fossil animals in Lias — Flu vio-marine beds in Gloucestershire, and insect 
limestone — Fossil plants — Origin of the Oolite and Lias, and of alternating 
calcareous and argillaceous formations. 

Ziias. — The English provincial name of Lias has been very 
generally adopted for a formation of argillaceous limestone, 
marl, and clay, which forms the base of the Oolite, and is 
classed by many geologists as part of that group. The peculiar 
aspect which is most characteristic of the Lias in England, 
France, and Germany, is an alternation of thin beds of blue or 
grey limestone, having a surface which becomes liglit-brown 
when weathered, these beds being separated by dark-coloured, 
narrow argillaceous partings, so that the quarries of this rock, 
at a distance, assume a striped and riband-like appearance. 

The Lias has been divided in England into three groups, the 
Upper, Middle, and Low v er. The Upper Lias consists in places, 
first of sands, which were formerly regarded as the base of the 
Oolite, but which, according to Dr. Wright, are by their fossils 
more properly referable to the Lias ; secondly, of clay shale and 
thin bods of limestone. The Middle Lias, or marlstone series, 
has been divided into three zones ; and the Lower Lias, accord- 
ing to the labours of Quonstedt, Oppel, Strickland, Wright, and 
others, into seven zones, each marked by its own group of fossils. 
This Lower Lias averages from GOO to 900 feet in thickness. 

From Dorsetshire to Yorkshire all these divisions, observes 
Professor Ramsay, arc constant ; and from top to bottom w r e 
cannot assert that anywhere there is actual unconformity be- 
tween any two subdivisions, whether of the larger or smaller 
kind. 

In the whole of the English Lias, there are at present 
known about 1,000 species of mollusca, and of these 26 ? are 
Cephalopoda, of which class more than two-thirds are Am- 
monites the Nautilus and Beleinnite also abounding. The 
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•whole series has been divided by zones characterised by parti- 
cular ammonites ; for while other families of shells pass from 
one division to another in numbers varying from about 20 to 50 
per cent., these ceplialopods are almost always limited to single 
zones, as Quenstedt and Oppel have shown for Germany, and 
Dr. Wright and others for England. 

As no actual unconformity is known from the top of the 
Upper to the bottom of the Lower Lias, and a general uni- 
formity in the mineral character of almost all the strata is 
apparent, it is somewhat dillicult to account even for such i 
partial breaks as have been alluded to in the succession of ■ 
species, if wo reject the hypothesis that the old species were in 
each case destroyed at the close of the deposition of certain 
rocks containing them, and replaced by the creation of new 
forms when the succeeding formation began. I agree with 
Professor Ramsay in not accepting this hypothesis. No doubt 
some of the old species occasionally died out, and left no repre- 
sentatives in Europe or elsewhere ; others were locally extermi- 
nated in the struggle for life by species which invaded their 
ancient domain, or by Varieties better fitted for a new state of 
things. Pauses also of vast duration may have occurred in the 
deposition of strata, allowing time for the modification of 
organic life throughout extensive areas, slowly brought about by 
variation accompanied by extinction of some of the original 
forms. 

Fossils of tlie Lias. — The name of Grypliite limestone has 
sometimes been applied to the Lower Lias, in consequence of the 


Fig. 3(>8. 





Plagiostoma (Lima) gigantea, Sow. Grypheca incurva , Sow. 

Inferior Oolite and Lias. . ( G. arcuala , Lam.) Lias. 

great number of shells which it contains of a species of oyster, o r 
Gnjphxa (fig. 369). A large heavy shell called Hlppopodium 
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(fig. 372), allied to Cypricardia , is also characteristic of the 
upper part of the Lower Lias. In this formation occur also the 


m/m 


\\'W 




Aviculn inccquimlvis , Sow. Avicula cygnipen, Fliil. Lower Lias, Gloucestershire 
Lower Lias. and Yorkshire. 

a. Lower valve. b. Upper valve. 

Aviculas, figs. 370 and 371. Tho Upper Lias formation is also 
remarkable for being the newest of the secondary rocks in which 
the two genera of bracliiopoda, Sjriri farina and Leptxna (figs. 




Spinfenna ( Spin/era ) nalcotu, Sow 
Lower Lias. 






Jlippopodium pomlerosum , Sow. 
i diameter. Lias, Cheltenham. 


Lephvna Moorei , Day. 
Upper Lias, Ilminster. 


373, 374), occur, although the former is slightly modified in 
structure so as to constitute the subgenus Spiriferina (Davidson), 
and the Leptmna has dwindled in size to a shell smaller than a 
pea. No less than eight or nine species of Spiriferina are enu- 
merated by Mr. Davidson as belonging to the Lias. 
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Allusion lias already been made (p. 341) to numerous zones 
in the Lias having each their peculiar Ammonites. Two of 
these occur near the base of the Lower Lias having a united 
thickness, varying from 40 to 80 feet. The upper of these is 


Fig. 375. Fig. 37G. 



A7nmonites Bucl'lnmii, Sow. A. Planorbis , Sow. 

„ bisnlcatus, Iirng. I diameter of original. 

J diameter o£ original. From U,o l«ise of the Lower Lias 

a. Side view. 6. Front view, showing mouth of England and the Continent, 
and bisuleated keel. Characteristic of 
the lower part of the Lias of England 
and the Continent. 

characterised by Ammonites Bncklandi , and tlie lower by Am- 
monites Planorbis (see figs. 375, 376). 1 Sometimes, however, 
there is a third intermediate zone, that of Ammonites A ii(jidatus 9 
which is the equivalent of the zone called the infra-lias on the 


Fig. 378. 



Naufilm truncatus, Sow. Ammonites bifront t, Brng. A. Wakotii, Sow. 

Lias, j nat. size. Upper Lias shales. 


Continent, the species of which are for the most part common to 
the superior group marked by A Bucklandi. 

Among tlie Crinoids or Stone-lilies of the Lias, the Pentacri- 

1 Quart. Journ., vol. xvi. p. 87G, 
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nites .are conspicuous (see fig. 380). Of Pakvocoma {Ophio- 
derma) tenuihrachiata (fig. 381), referable to the Ophiuridm of 
Muller, perfect specimens have 
been met witli in the Middle Lias 
beds of Dorset and Yorkshire. 

The Extracrinns Briarcns (re- 
moved by Major Austin from 
Pcntacrinns on account of generic 
differences) occurs in tangled masses, 
sometimes attached to floating wood 
or forming thin beds of consider- 
able extent, in the Lower Lias of 
Dorset, Gloucestershire, and York- 
shire. The remains are often 
highly charged with pyr ites. This 
Crinoid, with its innumerable tentacular arms, appears to have 
been frequently attached to the driftwood of the liassic sea, in 



Am months jtmrcfaritatux. MouLf. 
Kyi). A. Nofosii, Sow. A. C'/crc- 
/ n/n/icuti . Y. unil I*. Ml Idle* Lias. 



Extrarrit/us (lK-nftit-rinus) Uriareus. 
Miller. i natural size. 
(T.ody, arms, and part of stem,) 
Lower Lias, Lyme ltcgis. 


Fig. 381. 



the same manner as Barnacles float about on wood at the 
present day. There is another species of Extracrinus and 
several of Pcutacnnus in the Lias ; and the latter genus is found 
in nearly all the formations from the Lias to the London Clay 
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inclusive. It is represented in the present seas by the delicate 
and rare Pentacrinus caput-medusae, of the Antilles, which, with 
Comatula, is one of the few surviving members of the ancient 
family of the Crinoids, represented by so many extinct genera 
in the? older formations. In 1870 Mr. Gwyn Jeffreys dredged 
up a new living species of Pentacrinus from a depth of G,570 
feet off the coast of Portugal, to which he gave the name of 
P. IVyville-TJtomsvni . 1 2 

Fishes 0 f the Lias. — The fossil fish, of which there are no 
less than 120 species known as British, resemble generically 
those of the Oolite, but differ, according to M. Agassiz, from 
those of the Cretaceous period. Among them is a sj>ecies of 



Scales of Lepidofnx tfujas, Agass. 
a. Two of the scales detached. 


Lcpldotus ( L . j/h/cw, Agass.), fig. 382, which is found in the Lias 
of England, France, and Germany. 3 This genus was before 


Fig. 383. 



Scales of sEchmodus a. sEchmodus. Restored outline. 

Leachii. 


c. Scales of J)aju j Uius 
mon if if er. 


mentioned (p. 301) as occurring in the Wealden, and is supposed 
to have frequented both rivers and sea-coasts. Another genus 


1 Wyville Thomson, Depths of the Sen, p. 442. 

2 Agassiz, Poissons Fossiles, a t o1. ii. tab. 28, 21). 
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of Ganoids (fish possessing hard, shining, and enamelled scales), 
called ASchmodAis (fig. 383), is almost exclusively Liassic. The 
teeth of a species of Acrodus , also, are very abundant in the 
Lower Lias (fig. 384). 

Fig. 884. 



Acrodus nobil is, Agass. (tooth) ; commonly called ‘ fossil leech.’ 
Lias, Lyme Regis and Germany. 


But the remains of fish which have excited more attention 
than any others are those large bony spines called ichthyodoru- 
litcs (a, fig. 385), once supposed by some naturalists to be jaws, 


Fig. 38f>. 

a b 



J/i/bodus ret ten l at us, Agass. Lias, Lyme Regis. 
a. Tart of fin, commonly called Iclitliyodornlite. b. Tooth. 


and by others weapons, resembling those of the living Batistes 
and Silurus ; but which M. Agassiz has shown to be neither the 
one nor the other. The spines, in the genera last mentioned, 

Fig. 38C. 



Chimiera monstrosa . 1 

a. Spine forming anterior part of the dorsal fin. 


articulate with the backbone, whereas there are no signs of any 
such articulation in the ichtliyodorulites. These last appear to 

1 Agassiz, Poissons Fossiles, vol. iii., tab. C., fig. 1. 
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have been bony spines which formed the anterior part of the 
dorsalfin, like that of the living genera Gestracion and Chimsera 
(see a, fig. 386). In both of these genera, the posterior con- 
cave face is armed with small spines, as in that of the fossil 
Hybodus (fig. 385), a placoid fish of the shark family found 
fossil at Lyme Regis. Such spines are simply imbedded in the 
flesh, and attached to strong muscles. * They serve/ says Dr. 
Buckland, ‘as in the Chimsera (fig. 386), to raise and depress 
the fin, their action resembling that of a movable mast, raising 
and lowering backwards the sail of a barge.’ 1 

Reptiles of the Lias. — It is not, however, the fossil fish 
which form the most striking feature in the organic remains of 
the Lias ; but the Enaliosciurian reptiles (Ichth yopterygia and 
Sauropterygia), which are extraordinary for their number, size, 
and structure. Among the most singular of these are several 
species of Ichthyosauri and Plesiosauri (figs. 387, 388, p. 348). 
These genera are not confined to this formation, but have been 
found in strata as high as the White Chalk of England, and as low 
as the Trias of Germany, a formation which immediately succeeds 
the Lias in the descending order. It is evident from their fish- 
like vertebras, their paddles, resembling those of a porpoise or 
whale, the length of their tail, and other parts of their structure, 
that the Ichthyosaurs were aquatic Their jaws and teeth show 
that they were carnivorous ; and the half- digested remains of 
fishes and reptiles, found within their skeletons, indicate the 
precise nature of their food. 

Mr. Conybeare was enabled, in 1824, after examining many 
skeletons nearly perfect, to give an ideal restoration of the 
osteology of this genus, and of that of the Plesiosaurus. 2 (See 
figs. 387, 388.) The latter animal had an extremely long neck 
and small head, with teeth like those of the crocodile, and 
paddles analogous to those of the Ichthyosaurus, but larger. 
It is supposed to have lived in shallow seas and estuaries, and 
to have breathed air like the Ichthyosaur and our modern 
cetacea. 3 Some of the reptiles above mentioned were of for- 
midable dimensions. One skeleton of Ichthyosaurus platyodon, 
from the Lias at Lyme, now in the British Museum, must have 
belonged to an animal more than 24 feet in length ; and there 
are species of Plesiosaurus which measure from 18 to 20 feet in 
length. The form of the Ichthyosaurus may have fitted it to 
cut through the waves like the j>orpoise ; as it was furnished 
besides its paddles with a tail-fin so constructed as to be a 

1 Bridgewater Treatise, p. 290. Geol. Trans. First Series, vol. v. p. 

2 Geol. Sue. Transactions, Second 6;>9 ; and Buckland, Bridge w. Treat., 

Series, vol. i. p. 49. p. 20JJ. 

5 Conybeare and De la Beche, 
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powerful organ of motion ; but it is supposed that the Plesio- 
saurus, at least the long-necked species (fig. 388), was better 



■suited to fisli in shallow creeks and bays defended from heavy 
breakers. 


Skeleton of Plesiosaurus dolicfiodeirus, restored by Rev. W. D. Conybeare. 
«. Cervical vertebra?. 
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It if* now very generally agreed that these extinct saurians 
must have inhabited the sea : and it was urged that as there 
are now cholonians, like the tortoise, living in fresh water, and 
others, as the turtle, frequenting the ocean, so there may have 
been formerly some saurians proper to salt, others to fresh, 
water. The common crocodile of the Ganges is well known to 
frequent equally that river and the brackish and salt water near 
its mouth ; and crocodiles are said in like manner to be abun- 
dant both in the rivers of the Isla de Pinos (or Isle of Pines), 
south of Cuba, and in the open sea round the coast. In 
3835 a curious lizard ( Ambli/rhynchns criatatu. s) was discovered 
by Mr. Darwin in the Galapagos Islands. 1 It was found to be 
exclusively marine, swimming easily by means of its flattened 
tail, and subsisting chiefly on seaweed. One of them was sunk 
frorn the ship by a heavy weight, and on being drawn up after 
an hour was quite unharmed. 

The families of Dinosauria, crocodiles and Pterosauria or 
winged reptiles, are also represented in the Lias. 

Sudden destruction of Saurians. — It has been remarked, 
and truly, that many of the fish and saurians, found fossil in 
the Lias, must have met with sudden death and immediate 
burial ; and that the destructive operation, whatever may have 
been its nature, was often repeated. 

‘ Sometimes/ says Dr. Buckland, £ scarcely a single bone or 
scale has been removed from the place it occupied during life ; 
which could not have happened had the uncovered bodies of 
these saurians been left, even for a few hours, exposed to jmtro- 
faction, and to the attacks of fishes and other smaller animals 
at the bottom of the sea.’ 2 Not only are the skeletons of the 
Ichthyosaurs entire, but sometimes the contents of their 
stomachs still remain betwoen their ribs, as before remarked, 
so that we can discover the form of tlieir excrements and the 
particular species of fish on which they lived. Not unfre- 
quently there are layers of these coprolites, at different depths 
in the Lias, at a distance from any entire skeletons of the marino 
lizards from which they were derived ; ‘ as if/ says Sir H. de la 
Beche, the muddy bottom of the sea received small sudden 
accessions of matter from time to time, covering up the copro- 
lites and other exuviae which had accumulated during the 
intervals. ? 3 It is further stated that, at Lyme Regis, those 
surfaces only of the coprolites which lay uppermost at the bottom 
of the sea have suffered partial decay, from the action of water 

1 Sec Darwin, Naturalist’s Voyage, 3 Rridgewatcr Treatise, p. 115. 

p. 385. Murray. 3 Geological Researches, p. 334. 
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before they were covered and protected by the muddy sediment 
that has afterwards permanently enveloped them. 

Numerous specimens of the Calamary or pen-and-ink fish 
( Oeoteuthis JBollcnsis ) have also been met with in the Lower Lias 
at Lyme, with the ink-bags still distended, containing the ink in 
a dried state, chiefly composed of carbon, and but slightly im- 
pregnated with carbonate of lime. These dibranchiate cephalo- 
poda, therefore, must, like the saurians, have been soon buried 
in sediment ; for, if long exposed after death, the membrane 
containing the ink would have decayed. 1 

As wc know that river-fisli are sometimes stifled, even in 
their own element, by muddy water during floods, it cannot be 
doubted that the periodical discharge of large bodies of turbid 
freshwater into the sea may be still more fatal to marine tribes. 
In the ‘ Principles of Geology J I have shown that large quan- 
tities of mud and drowned animals have been swept down into 
the sea by rivers during earthquakes, as in Java in 1699 ; and 
that indescribable multitudes of dead fishes have been seen 
floating on the sea after a discharge of noxious vapours during 
similar convulsions. But in the intervals between such cata- 
strophes, strata may have accumulated slowly in the sea of the 
Lias, some being formed chiefly of one description of shell, such 
as ammonites, others of gryphites. 

Freshwater deposits — Insect-beds. — From the above re- 
marks the reader will infer that the Lias is for the most part a 
marine deposit. Some members, however, of the series have 
an estuarine character, and must have been formed within 
the influence of rivers. At the base of the Upper and Lower 
Lias respectively, insect-beds appear to be almost everywhere 
present, throughout the Midland and South-western districts 
of England. These beds are crowded with the remains of 



insects, small fish, and crustaceans, 
with occasional marine shells. One 
band in Gloucestershire, rarely ex 
cceding a foot in thickness, has 
been named the ‘ insect limestone . 9 


— aizc It passes upwards, says the Rev. 

Wing of a nouroptirous insert, from P '. K Brodie > s into a shale con- 
the Lower Lias, (iioucestursiiire. taming Ciipris and Estheria , and is 
(Rev. r. B.'Brodie.) r -i • , 

full of the wing-cases of several 

genera of coleoptera, with some nearly entire beetles, of which 


the eyes are preserved. The nervures of the wings of neurop- 


1 Buckland, Bridgew. Treat., p. 2 A History of Fossil Insects, &c., 

307. 1846. London. 
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terous insects (fig. 389) are beautifully perfect in this bed. 
Ferns, with cycads and leaves of monocotyledonous plants, 
and some apparently brackish and freshwater shells , accompany 
the insects in several places, while in others marine shells pre- 
dominate, the fossils varying apparently as wo examine the bed 
nearer or farther from the ancient land, or the source whence 
the fresh water was derived. After studying 300 specimens of 
these insects from the Lias, Mr. Westwood declares that they 
comprise both wood-eating and herb-devouring beetles, of the 
Linncan genera Elater , Carabus, &c. , besides grasshoppers 
( Gryllua ), and detached wings of dragon-flies and may-flies, or 
insects referable to the Linmean genera LibcllulCl , Ephemera, 
Ilemerobiua, and Eanorpa, in all belonging to no less than 
twenty-four families. The size of the species is usually small, 
and such as taken alone would imply a temperate climate ; but 
many of the associated organic remains of other classes must 
lead to a different conclusion. At Schambelen, in the canton of 
Argovie in Switzerland, a rich liassic insect fauna has been 
brought to light agreeing in general character with the insect- 
beds of England, but comprising nearly three times the number 
of species in a very perfect state. 1 

Fossil plants. — Among the vegetable remains of the Lias, 
several species of Zamia have been found at Lyme Regis, and 
the remains of coniferous plants at Whitby. M. Ad. Brongniart 
enumerates forty-seven liassic acrogens, most of them ferns ; 
and fifty gymnosperms, of which thirty-nine are cycads, and 
eleven conifers. Among the cycads the predominance of Zamitcs, 
and among the ferns the numerous genera with leaves having 
reticulated veins (as in fig. 357, p. 337), are mentioned as bota- 
nical characteristics of this era.~ The absence as yet from the 
Lias and Oolite of all signs of dicotyledonous angiosperms is 
worthy of notice. The leaves of such plants are frequent in 
tertiary strata, and occur in the Cretaceous, though less plen- 
tifully (see above, p. 287). The angiosperms seem, therefore, 
to have been, at the least, comparatively rare in these older 
secondary periods, when more space was occupied by the cycads 
and conifers. 

Origin of the Oolite and Kias. — The entire group of Oolite i 
and Lias consists of repeated alternations of clay, sandstone, 
and limestone, following each other in the same order. Thus , 
the clays of the Lias are in ascending order followed by the \ 
sands now considered as belonging to the same formation (see 
p. 340), though formerly referred to the Inferior Oolite, and j 

1 For causes of the fossilisation of insects, see p. 200. 

2 Tableau des Veg. Foss., 1840, p. 105 
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\ these sands again by the shelly and Pisolitic beds of the Inferior 
Oolite, succeeded by the limestone called the Great or Bath 
Oolite. So, in the Middle Oolite, the Oxford clay is followed 
by calcareous grit and coral rag ; lastly, in the Upper Oolite, the 
Kimmeridge clay is followed by the Portland sand and lime- 
stone (see fig. 304, p. 308). 1 The clay beds, however, as Sir 
H. D. de la Beche remarks, can be followed over larger areas 
than the sand or sandstones. 3 It should also be remembered 
that while the Oolite system becomes arenaceous and resembles 
a coal-field in Yorkshire, it assumes in the Alps an almost purely 
calcareous form, the sands and clays being omitted. Neverthe- 
less, in some districts the clays and intervening limestones do 
retain, in reality, a pretty uniform character for distances of 
from 400 to GOO miles from east to west and north to south. 

In order to account for such a succession of events, we may 
imagine the bed of the ocean to be at first the receptacle for 
ages of fine argillaceous sediment, brought by oceanic currents, 
which may have communicated with rivers, or with part of 
the sea near a wasting coast. This mud ceases, at length, to 
be conveyed to the same region, either because the land wliicli 
had previously suffered denudation is depressed and submerged, 
or becauso the current is deflected in another direction by the 
altered shape of the bed of the ocean and neighbouring dry 
land. By such changes the water becomes once more clear and 
fit for the growth of stony zoophytes. Calcareous sand is then 
formed from comminuted shell and coral, or, in some cases, 
arenaceous matter replaces the clay ; because it commonly 
happens that the finer sediment, being first drifted farthest 
from coasts, is subsequently overspread by coarse sand, after 
the sea has grown shallower, or when the land increasing in 
extent, whether by upheaval or by sediment filling up parts of 
the sea, has approached nearer to the spots first occupied by 
fine mud. 

The increased thickness of the limestones in those regions, as 
in the Alps and J ura, where the clays are comparatively thin, 
arises from the calcareous matter having been derived from 
species of corals and other organic beings which live in clear 
water, far from land, to the growth of which the influx of mud 
would be unfavourable. Portions, therefore, of these clays and 
limestones have probably been formed contemporaneously to a 
greater extent than we can generally prove, for the distinct- 
ness of the species of organic beings would be caused by the 
difference of conditions between the more littoral and the more 
pelagic areas and the different depths and nature of the sea- 

1 Cony be are and Philips' Outlines, &c.,p. 166. 2 Geol. Researches, p. 387. 
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bottom. Independently of those ascending and descending 
movements which have given rise to the swj*eri»o«sition of the 
limestones and clays, and by which the position of land and aea 
are made in the course of ages to vary, the geologist has the 
difficult task of allowing for the con te in ] *>ra n e ou s thinning out 
in one direction and thickening in another of the successive 
organic and inorganic deposits of the same era. 
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TRIAS , OR NEW RED SANDSTONE GROUP. 

Beils of passage’between the Lias and Trias, Rbfetic beds — Triassic mammifer 
— Triple division of the Trias — Keuper, or Upper Trias of England — 
Reptiles of tlie Upper Trias — Footprints in the Bunter formation in 
England — Uolomitie conglomerate of Bristol — Origin of Red Sandstone 
and Rock-salt — Precipitation of salt from inland lakes and lagoons — Trias 
of Germany — Keuper — St. Cassian and Jlallstadt beds — Peculiarity of 
their fauna — Mtischclkalk and its fossils — Trias of the United States — 
Fossil footprints of birds and reptiles in the valley of the Connecticut— 
Triassic mammifer of North Carolina — Triassic coal-lield of Richmond, 
Virginia — Low grade of early mammals favourable to the theory of pro- 
gressive development. 


Beds of passage between tbe Lias and Trias — R, bee tic beds. 

— Wo have mentioned in tlie last chapter (p. 343) that the base of 
the Lower Lias is characterised, both in England and Germany , 
by beds containing distinct species of Ammonites, the lowest 
subdivision having been called the zone of Ammonite# Flctnorbis. 
Below this zone, on the boundary line between the Li as and the 
strata of which we are about to treat, called ‘ Trias / certain 
cream-coloured limestones are usually found in the West and 
South of England. These white beds were called by William 
Smith the White Lias, and they have been shown by Mr. Charles 
Moore to belong to a formation similar to one in the Rhietian 
Alps of Bavaria, to which M. G umbel lias applied the name of 


Fig. 390. 



Car ilium rha’ticum , 
Mercian. Nut. size. 
Rhictic Beds. 


Fig. 801. 



Pei'tm Valor ieusis, Dfr. 
1 uat. size. Port rush, 
Ireland, &c. Rhaetic 
Beds. 


Fig. 392. 



Avicula contorta, Portlock. 
Portmah, Ireland, &c. 
Nat. size, llheetic Beds. 


Rlioetic. They have also long been known as the Koessen beds 
in Germany, and may be regarded as beds of passage between 
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the Lias and Trias. They are named the Penarth beds by the 
Government surveyors of Great Britain, from Penarth, near 
Cardiff, in Glamorganshire, where they attain a thickness of fifty 
feet. 

The principal member of this group has been called by Dr. 
Wright the Avicula contorta bed, 1 as this shell is very abun- 
dant, and has a wide range in Europe. General Portlock first 
described the formation as it occurs at Stradneagh near Portrush, 
in Antrim, where the Avicula contorta (fig. 392) is accompanied 
by Pectcn Valoniensis (fig. 391) as in Germany. 

The best known member of tlie group, a thin band or bone- 
breccia, is conspicuous among the black shales in the neighbour- 
hood of Axmouth in Devonshire, and in the cliffs of Westbury- 
on-Sevem, as well as at Aust and other places on the borders of 
the Bristol Channel. It abounds in the remains of saurians and 
fish, and was formerly classed as the lowest bed of the Lias ; 
but Sir P. Egerton first pointed out, in 1841, that it should be 
referred to the Upper New Red Sandstone, because it contained 
an assemblage of fossil fish which are either peculiar to this 
stratum, or belong to species well known in the Musehelkalk of 
Germany. These fish belong to the genera Acrodus, Hybodus , 
GyrolejtLs, and tfaurichthys. 

Among those common to the English bonc-bed and the Mus- 
chelkalk of Germany are Ilybodus plicatUis (fig. 393), Saurichthys 


Pig. 393. Fig. 3.9-1. Fig. 395. 



Jlybodus plica/ ilis, Agass. Saurichthys a /tint Us, Agass. Oyrole/tis ten uist via fits , 

Teeth, Bone-bed, Tooth ; natural f-ize and Agass. Scale ; nnt. 

Aust and Axmouth, magnified. Axmouth. size and magnified 

Axmouth. 

apiccdis (fig. 394), Ghyrolepis tenuistriatus (fig. 395), and G. Al- 
bertii. Remains of saurians, Plesiosaurus among others, have 
also been found in the bone-bed, and plates of an Encrinus. It 
may be questioned whether some of those fossils wliich have 
the most Triassic character may not have been derived from the 

1 Dr. Wright, on Lias and Bone Bed, Quart. Geol. Journ. I860, vol. xvi. 
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destruction of older strata, since in bone beds, in general, many 
of the organic remains are undoubtedly derivative. 

Tr Lassie mammifer. — In North-western Germany, as in Eng- 
land, there occurs beneath the Lias a remarkable bone breccia. 
It is filled with shells and with the remains of fishes and reptiles, 
almost all the genera of which, and some even of the species, 
agree with those of the subjacent Trias. This breccia has 
accordingly been considered by Professor Quenstedt and other 
German geologists of high authority, as the newest or uppermost 
part of the Trias. Professor Plieninger found in it, in 1847, 
at Diegerlocli, about two miles to the south-east of Stuttgart, 
the molar tooth of a small Triassic mammifer, called by him 
Microlestes antiquus. He inferred its true nature from its 

Fig. 390. 

.<*QS& 

Microlcstes antu/vus , Plieningor. Molar tooth, magnified. Upper Trias. 

Diegerloeli, near Stuttgart, WUrteiubcrg. 

a. View of inner side ? b. Same, outer side? 

c. Same in profile. d. Crown of same. 

double fangs, and from the form and number of the protuber- 
ances or cusps on the flat crown ; and considering it as pre- 
daceous, probably insectivorous, he called it Microlestes from 
ftiKpot;, little, and Xtfern/r, a beast of prey. Soon afterwards he 
found a second tooth, also at the same locality. 

No anatomist had been able to give any feasible conjecture as 
to the affinities of this minute quadruped until Dr. Falconer, 
in 1857, recognised an unmistakeable resemblance between its 
teeth and the two black molars of his new genus Plagianlax 
(fig. 312, p. 313), from the Purbeck strata. This would lead us 
to the conclusion that Microlestes was marsupial and plant- 
eating. 

In Wurtemburg there are two bone-beds, namely, that con- 
taining the Microlestes, which has just been described, which 
constitutes, as we have seen, the uppermost member of the 
Trias ; and another of still greater extent, and still more rich in 
the remains of fish and reptiles, which is of older date, inter- 
vening between the Keuper and Muschelkalk. 

The genera Saurichthys , Hybodus , and Gyrolepis are found in 
both these breccias, and one of the species, Saurichthys Mon - 
gcoti, is common to both bone-beds, as is also a remarkable 
reptile called Nothosanrus mirabilis. The saurian called Bdodon 
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by H. Von Meyer, of the Thecodont family, is another Triassic 
form, associated at Diegerloch with Microlestes. 

TRIAS OF ENGLAND. 

Beneath the Lias in the midland and western counties of 
England, there is a great series of red loams, shales, sandstones, 
and conglomerates, to which the name of the ‘ New Red Sand- 
stone formation ’ was first given to distinguish it from other 
shales and sandstones called the ‘ Old Red,’ often identical in 
mineral character, but differing greatly in age, being of earlier 
date than the Permian and Carboniferous formations. The name 
of ‘ Red Marl ’ has been incorrectly ajiplied to the red clays of this 
formation, as before explained (p. 14), for they are remarkably 
free from calcareous matter. The absence, indeed, of carbonato 
of lime, as well as the scarcity of organic remains, together with 
the bright red colour of most of the rocks of this group, causes 
a strong contrast between it and the Jurassic formations before 
described. 

The group in question is more fully developed in Germany 
than in England or France. It has been called the Trias by 
German writers*, or the Triple Group, because it is separable 
into three distinct formations, called the ‘ Xeuper, ’ the ‘ Mus- 
chelkalk,’ and the ‘ Bunter-sandstein. ’ Of these the middle 
division, or the Muschelkalk, is wholly wanting in England, 
and the uppermost (Keuper) and lowest (Bunter) members of 
the series are not rich in fossils. 

Upper Trias, or Xeuper. — In certain grey indurated marls 
below the bone-bed at Watchet, on the coast of Somersetshire, 
Mr. Boyd Dawkins has found a molar tooth of Microlestes, 
enabling him to refer to the Trias, strata formerly classed with 
the Lias. Mr. Charles Moore had previously discovered many 
teeth of the same mammifer near Frome, in Somersetshire, in 
the contents of a vertical vein or fissure traversing a mass of 
carboniferous limestone. The top of this fissure must have 
communicated with the bed of the Triassic sea, and probably at 
a point not far from the ancient shore on which the small mar- 
supials of that era abounded. 

This upper division of the Trias called the Keuper is of great 
thickness in the central counties of England, attaining, according 
to Mr. Hull’s estimate, no less than 3,450 feet in Cheshire, and 
it covers a large extent of country between Lancashire and 
Devonshire. 

In Worcestershire and Warwickshire in sandstone belonging 
to the uppermost part of the Keuper the bivalve crustacean 
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Esther ia minuta occurs. The member of the English ‘ New 
Red ’ containing this shell, in those parts of England, is, accord- 
ing to Sir Roderick Murchison and Mr. Strick- 
land, 000 feet thick, and consists chiefly of red 
marl or slate, with a band of sandstone. Icthy- 
odorulites, or spines of Hybodus , teeth of fishes, 
and footprints of reptiles were observed by the 
same geologists in these strata. 

In the Upper Trias or Keuper the remains of 
four saurians have been found. The one called Ilhynclioscmrus 
occurred at Grinsell near Shrewsbury, and is characterised by 
having a small bird-like skull and jaws without teeth. The other 
three, Ntayonolepis , Taler pet on, and Hyperodapedon , were brought 



Estheria minuta , 
•Broun . 


Fig. 398. 


a 



I I upo ‘od aped on Gordoni. Left Folate, Maxillary. 
(Showing the two rows of palatal teeth on opposite sides of the jaw. 
a. Under surface. b. Exterior right side. 


to light near Elgin, in strata formerly supposed to belong to 
the Old Red Sandstone, but now recognised as Upper Triassic. 1 
The llyperodapedon was afterwards discovered in beds of about 
the same age in the neighbourhood of Warwick, and also in South 
Devon, and remains of the same genus have been found both in 
Central India and Southern Africa in rocks believed to be of 
Triassic age. It has been shown by Professor Huxley to be a 
terrestrial reptile having numerous palatal teeth, and closely 
allied to the living Sphenodon of New Zealand. 

• The recent discovery of a living saurian in New Zealand so 
closely allied to this supposed extinct division of the Lacer- 
tilia seems to afford an illustration of a princijde pointed out by 
Mr. Darwin of the survival in insulated tracts, after many 
changes in physical geography, of orders of which the congeners 

1 See Judd, Quart. Geol. Journ., vol. xxix. p. 142, 1873. 
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have become extinct on continents where they have been ex- 
posed to the severer competition of a larger progressive fauna. 

In 1842 Professor Owen examined microscopically some teeth 
of Labyrinthodon (fig. 399) from the Keuper in 'Warwickshire 
and discovered in them a structure of extra- 
ordinary complexity. 1 The dentinal wall 
was found to be disposed in many vertical 
folds, every alternate fold being several times 
plaited transversely. A cross section of one 
of these exhibits a series of convolutions, 
resembling the labyrintliic windings of the Tooth of Labyrinth 
surface of the brain, and from this character | k ; Wl 

Professor Owen has proposed the name Laby- 
rinthodon for the new genus. The annexed representation 
(fig. 400) of part of one is given from his 1 Odontography,* 

Fig. 400. 


Fig. 399 . 




Transverse section of upper part of tooth of Labyrinthodon Jaeger i , Owen ( Masto - 
donsaurus Jaegeri , Meyer) ; natural size, and a segment magnified. 
a. rulp cavity, from which the processes of pulp and dentine radiate. 


plate 64 A. The entire length of this tooth is supposed to 
have been about three inches and a half, and the breadth at the 
base one inch and a half. 

This remarkable structure proved on comparison to charac- 
terise not only the genus Labyrinthodon but also the allied genus 
Mastodonsaurus of the German Keuper, described p. 365. The 


1 Trans. Geol. Soc., 2nd series vol. vi. pi. 2. 
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Labyrinthodonts now constitute a somewhat extensive order of 
Amphibia of gigantic dimensions in comparison with any repre- 
sentatives of the class now living. 

The basement beds of the Keupcr rest with a slight uncon- 
formability upon an eroded surface of the ‘ Bunter ’ next to 
be described. In these basement beds Professor W. C. 
Williamson has described the footprints of a Cheir other ium 
similar to those presently to be mentioned in the Bunter 
beds, but peculiar in exhibiting a scaly structure. 1 * 3 

Lower Trias, or Bunter. — The lower division or English 
representative of the ‘ Bunter ’ attains, according to Professor 
Barnsay, a thickness of 1,500 feet in the counties last mentioned. 
Besides red and green shales and red sandstones, it comprises 
much soft white quartzose sandstone, in which the trunks of 
silicified trees have been met with at Allesley Hill, near Coventry. 

Several of them were a foot and a half 
in diameter, and some yards in length, 
decidedly of coniferous wood, and 
slio wing rings of annual growth. y Im- 
pressions, a iso, of the footsteps of 
animals have been detected in Lanca- 
shire and Cheshire in this formation. 
Some of the most remarkable occur 
a few miles from Liverpool, in the 
whitish quartzose sandstone of Storton 
Hill, on the Cheshire side of the 
Single footstep of ( Vtrirot/trriinn . Mersey. They bear a close resem- 
i*n«tcr-sjindstfiii. Saxony. bianco to tracks first observed in this 
member of the Upper New Bed Sand- 
stone, at the village of Hesseberg, near Hildburghauscn, in 
Saxony. For many years these footprints have been referred 
to a large unknown quadruped, provisionally named Gheiro- 

Line of footsteps on slab of sandstone. Jlildburghausen, in Saxony. 

therinni by Professor Kaup, because the marks both of the 
fore and hind feet resembled impressions made by a human 
hand (see fig. 401). The footmarks at Hesseberg are partly 

1 Quart. Geol. Jonm., vol. xxiii. ii. p. 439; and Murchison and 

1KG7, p. 50. Strickland, Geol. Trans. Second Ser., 

3 Buckland, Proc. Geol. Soc., vol. vol. v. p. 847. 




Fig. 401 . 
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concave, and partly in relief, the former, or the depressions, 
are seen upon the upper surface of the sandstone slabs, 
but those in relief are only upon the lower surfaces, being in 
fact natural casts, formed in the subjacent footprints as in 
moulds. The larger impressions, which seem to be those of the 
hind foot, are generally 8 inches in length, and 5 in width, and 
one was 12 inches long. Near each large footstep, and at a 
regular distance (about an inch and a half), before it, a smaller 
print of a fore foot, 4 inches long and 3 inches wide, occurs. 
The footsteps follow each other in pairs, each pair in the same 
line, at intervals of 14 inches from pair to pair. The large as 
well as the small steps show the great toes alternately on the 
right and left side ; each step makes the print of five toes, the 
first or great toe being bent inwards like a thumb. Though the 
fore and hind foot differ so much in size, they are nearly similar 
in form. 

As neither in Germany nor in England had any bones or teeth 
been met with in the same identical strata as the footsteps, 
anatomists indulged, for several years, in various conjectures 
respecting the mysterious animals from which they might have 
been derived. Professor Kaup suggested that the unknown 
quadruped might have been allied to the Marsnpialia ; for in 
the kangaroo the first toe of the fore foot is in a similar manner 
set obliquely to the others, like a thumb, and the disproportion 
between the fore and hind feet is also very great. But M. Link 
conceived that some of the four species of animals of which the 
tracks had been found in Saxony might have been gigantic 
Batrachians ; and when it was afterwards inferred that the 
Labyrinthodon was an air-breathing reptile it was conjectured 
by Professor Owen that it might be one and the same as the 
Cheirotherium. 

Dolomitic Conglomerate of Bristol. — Near Bristol, in So- 
mersetshire, and in other counties bordering the Severn, the 
lowest strata belonging to the Triassic series consist of a con- 
glomerate or breccia resting unconformably upon the Old Red 
Sandstone, and on different members of the Carboniferous rocks 
such as the Coal Measures, Millstone Grit, and Mountain Lime- 
stone. This mode of superposition will be understood by refer- 
ence to the section below Dundry Hill (fig. 85, p. 107), where 
No. 4 is the dolomitic conglomerate. Such breccias may have 
been partly the result of the subaerial waste of an old land- 
surface which gradually sank down and suffered littoral denu- 
dation in proportion as it became submerged. The pebbles and 
fragments of older rocks which constitute the conglomerate are 
cemented together by a red or yellow base of dolomite, and in 
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some places the encrinites, corals, brachiopoda, and other fossils 
derived from the Mountain Limestone are so detached from the 
parent rocks that they have the deceptive appearance of be- 
longing to a fauna contemporaneous with the dolomitic beds in 
which they occur. The imbedded fragments, are both rounded 
and angular, some consisting of carboniferous limestone and 
millstone grit, being of vast size, and many weighing nearly a 
ton. Fractured bones and teeth of saurians which are truly of 


Fig. 403. contemporaneous origin, have been found in 

t the lower part of the breccia, and two of 
. these, called Thecodontosaums and Paltco- 

k saurus , from the manner in which the teeth 

ft were implanted in the jawbone, obtained great 

I] celebrity because the j>atches of red conglo- 

Jy merate in which they were found, at Durdham 

W Down, near Bristol, were originally supposed 

Tooi.ii of ThocoAouto. to 1,0 of Permian or Paleozoic age, and there- 
saurus ; 3 time- fore the only representatives in England of 
amf n stutei i b!i rv! vertebrate animals of so high a type in rocks 
Doiomii ongio- Q f such antiquity. The teeth of these saurians 
Down, near Bris- are conical, compressed, and with finely ser- 
to1 * rated edges (see fig. 403) ; they are referred 

by Professor Huxley to the Dinosauria. 

Origin of Red Sandstone and Rook Salt. — In Cheshire and 


Lancashire there are red clays containing gypsum and salt of the 
age of the Trias which are between 1,000 and 1,500 feet thick. 
In some places lenticular masses of pure rock salt nearly 100 feet 
thick are interpolated between the argillaceous beds . At the base 
of the formation beneath the rock salt occur the Lower Sand- 


stones and Marl, called provincially in Cheshire ‘ water-stones,’ 
which are largely quarried for building. They are often ripple- 
marked, and are impressed with numerous footprints of reptiles. 

As in various parts of the world red and mottled clays and 
sandstones, of several distinct geological epochs, are found 


associated with salt, gypsum, and magnesian limestone, or with 
one or all of these substances, there is, in all likelihood, a general 
cause for such a coincidence. N evertheless, we must not forget 
that there are dense masses of red and variegated sandstones 
and clays, thousands of feet in thickness, and of vast horizontal 


extent, wholly devoid of saliferous or gypseous matter. There 
are also deposits of gypsum and of common salt, as in the blue 
clay formation of Sicily, without any accompanying red sand- 
stone or red clay. 

These red deposits may be accounted for by the decomposi- 
tion of gneiss and mica schist, which in the eastern Grampians 
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of Scotland has produced a mass of detritus of precisely the same 
colour as the Old Red Sandstone. 

It is a general fact, and one not yet accounted for, that 
scarcely any fossil remains are ever preserved in stratified rocks 
in which this oxide of iron abounds ; and when we find fossils 
in the New or Old Red Sandstone in England, it is in the gray, 
and usually calcareous beds, that they occur. The saline or 
gypseous interstrati fied beds may have been produced by sub- 
marine gaseous emanations, or hot mineral springs which often 
continue to flow in the same spots for ages. Beds of rock salt 
are, however, more generally attributed to the evaporation of 
lakes or lagoons communicating at intervals with the ocean. In 
Cheshire two beds of salt occur of the extraordinary thickness of 
90 or even 100 feet, and extending over an area supposed to be 
150 miles in diameter. Tiic adjacent bods present ripple-marked 
sandstones and footprints of animals at so many levels as to 
imply that the whole area underwent a slow and gradual de- 
pression during the formation of the red sandstone. Professor 
Ramsay has remarked in regard to the Trias that it was pro- 
bably a Continental Period with many inland lakes and seas, 
the Keuper marls of the British Isles having been deposited in 
a great lake, fresh or brackish, at the beginning and afterwards 
rendered salt by evaporation. 4 Were the rainfall,’ he observes, 

( of the area drained by the Jordan to increase gradually, the 
basin of the Bead Sea would by degrees fill with water, and 
successive deposits of sediment would gradually overlap each 
other on the shelving slopes of the lake-basin in which solid 
salts had previously been deposited. There are examples of 
this kind of overlap in the New Red Marl of England, in Somer- 
set, Gloucester, Hereford, and Leicester.* 1 Professor Ramsay 
has pointed out that ferruginous mud and ores of iron are 
deposited in some of the lakes of Sweden at the present day. 
These are periodically dredged for economic purposes by the 
proprietors till the layer is exhausted, and after a sufficient 
interval they renew their dredging operations and new deposits 
are found. He therefore suggests that the red peroxide may in 
itself be an indication of lacustrine conditions, for each grain of 
sand and mud is encrusted with a thin pellicle of peroxide of 
iron, which he thinks could not have taken place in a wide and 
deep sea. 2 This theory of the Continental origin of the Trias 
derives some confirmation from the fact that the earliest 
terrestrial mammalia ( Microlestes ) yet discovered in Europe and 
America (see pp. 350, 373) are of Triassic date. 

1 Quart. Geol. Journ., 1871, vol. 2 Contemporary lioview, July 
xxvii., p. 19C, 1873, p. 201. 
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’ Major Harris, in his * Higlilands of Ethiopia,’ describes a 
salt lake, called the Bahr Assal, near the Abyssinian frontier, 
which once formed the prolongation of the Gulf of Tadjara, 
but was afterwards cut off from the gulf by a broad bar of lava. 
* Fed by no rivers, and exposed in a burning climate to the 
unmitigated rays of the sun, it has shrunk into an elliptical 
basin, seven miles in its transverse axis half filled with smooth 
water of the deepest cterulean hue, and half with a solid sheet 
of glittering snow-white salt, the offspring of evaporation.’ ‘If,’ 
says Mr. Hugh Miller, e we suppose, instead of a barrier of 
lava, that sand-bars were raised by the surf on a fiat arenaceous 
coast during a slow and equable sinking of the surface, the 
waters of the outer gulf might occasionally topple over the bar, 
and supply fresh brine when the first stock had been exhausted 
by evaporation.’ 1 

The Runn of Cutch, as I have shown elsewhere, 2 is a low 
region near the delta of the Indus, equal in extent to about a 
quarter of Ireland, which is neither land nor sea, being dry 
during part of every year, and covered by salt water during the 
monsoons. Here and there its surface is encrusted over with a 
layer of salt caused by the evaporation of sea water. A sub- 
siding movement has been witnessed in this country during 
earthquakes, so that a great thickness of pure salt might result 
from a continuation of such sinking. 

TRIAS OF GERMANY. 

In Germany, as before hinted, p. 357, the Trias first received 
its name as a Triple Group, consisting of two sandstones with 
an intermediate marine calcareous formation, which last is 
wanting in England. 

NOMENCLATURE OF TRIAS. 

German French English 

r Saliferous and gyp - 
Keuper * . Marnes iris^es . 4 seous shales and 

l sandstone. 

• ■ {““icr 1 : ] *««■“*• 

("Sandstone and 
Bunter-Sandstein . Gresbigarrd # .4 quartzose con- 

1 glomerate. 

1 Hugh Miller, First Impressions 2 Principles of Geology, chap* 

of England, 1847, pp. 1£3, 214. xxvii. 
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Keuper. — The first of these, or the Keuper, underlying the 
beds before described as Rhsetic, attains in Wurtemberg a 
thickness of about 1,000 feet. It is divided by Alberti into 
sandstone, gypsiqn, and carbonaceous clay-slate. 1 In this for- 
mation, in the year 1828, Prof. Jaeger, of Stuttgart, found some 
gigantic conical teeth with vertically ribbed sides, to which he 
gave the name of Mastodomaurus ; 
and a fragment of a large skull, Fi E* 404 * 

comprising two well-ossified occi- 
pital condyles, which was named 
Salamandroides. Prof. Jaeger re- 
garded the former as a saurian, 
and the latter as an amphibian ; but 
both have since been proved to 
belong to one genus, for which 
the name Mcistodonmurus has been 



retained. 2 Other remains of rep- Eqnisetam arenaceum. Fragment of 
... a j -vr ±i i m j stem, and a small portion of same 

tiles called JSl otkosaurus and r/iyto- magnified. Keuper. 

saurus, have also been found, and 

the detached teeth of placoid fish of the genera tiaurichthys and 
(hjrolapis (figs. 394, 395, p. 355). The plants of the Keuper are 
generically very analogous to those of the oolite and lias, consist- 
ing of ferns, equisetaceous plants, cycads, and conifers, with a 
few doubtful monocotyledons. A few species, among which is 
Equisetum arenaceum , are common to this group and the oolite. 

tit. Cassian and Hallstadt Beds (see map, fig. 405, p. 306). — The 
sandstones and clay of the Keuper afford, in the K.W. of Ger- 
many, as in France and England, but a scanty representation of 
the marine life of that period. We might, however, have antici- 
pated, from its rich reptilian fauna, that the contemporaneous 
inhabitants of the sea of the Keuper period would be very 
numerous, should we ever have an opportunity of bringing 
their remains to light. This, it is believed, has at length been 
accomplished by the position now assigned to certain Alpine 
rocks called the 4 St. Cassian beds,’ the true place of which in 
the series was until lately a subject of much doubt and discus- 
sion. It has been proved that the Hallstadt beds on the 
northern flanks of the Austrian Alps correspond in age with the 
St. Cassian beds on their southern declivity, and the Austrian 
geologists, M. Suess of Vienna, and others, have satisfied them- 
selves that the Hallstadt formation is referable to the period of 
the Upper Trias. Assuming this conclusion to be correct, we 
become acquainted suddenly and unexpectedly with a rich 


1 Monog. des Bunter-Sandsteins. 

2 Jaeger, Ueber die fossileu lieptilien von WUrtemberg. Stuttgart, 1828. 
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marine fauna belonging to a period previously supposed to be 
very barren of organic remains, because in England, France, and 


Fig. 405. 



Northern Germany the Upper Trias is chiefly represented by 
beds of fresh or brackish water origin. 


Fig. 40G. Fig. 407. 



Scolioxtoma , St. Cassian. From Ilallstadfc. 

About 600 species of invertebrate fossils occur in the Hall 


Fig. 408. 



Konincl'ia Leonhardi, Wissmann. 

a. Ventral view. Part of ventral valve removed to show the vascular im- 

pressions of dorsal valve. 

b. Interior of dorsal valve, showing spiral processes restored. 

c. Vertical section of both valves. Part shaded black showing place 

occupied by the animal, and the dorsal valve following tho curve of 
the ventral. 

stadt and St. Cassian beds, many of which are still undescribed ; 
some of the Mollusca are of new and peculiar genera, as Scolio - 
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stoma (fig. 406) and Platystoma (fig. 407) among tho Gastero- 
poda ; and Koninckia (fig. 408) among the Brachiopoda. 

The following table of genera of marine shells from the Hall- 
stadt and St Cassian beds, drawn up first on the joint authority 
of M. Suess and the late Dr. Woodward, and since corrected by 
Messrs. Etheridge and Tate, shows how many connecting links 
between the fauna of primary and secondary (Palaeozoic and 
Mesozoic) rocks are supplied by the St. Cassian and Hallstadt 
beds. 


GENERA OE FOSSIL MOLLUSCA IN' THE ST. CASSIAN AFD HALL- 
STADT BEDS. 


Common to Old or 

i Characteristic Triassic 

Common to Newer 

Rocks 

1 Genera 

Rocks 

Orthoceras 

1 Ccratites 

Ammonites 

Bactrites 

Cocliloceras 

Cliemnitzia 

Machrocheilus 

Choristoceras 

Cerithium 

Loxoneina 

Rliabdoceras 

Monodonta 

Holtfpella 

Aulacoceras 

Op ) is 

Murchisonia 

*Scoliostoma 

Sphoera 

Naticella 

Cardita 

Porcellia 

Platystoma 

Myoconcha 

Athyris 

Ptychostoma 

Ilinnites 

Itetzia 

Euclirysalis 

Monotis 

Oyrtina 

Halobia 

Plicatula 

Euomphalus 

Hbrnesia 

Pachyrisma 


Amphiclina 

Koninckia 

Thecidium 


**Cassianella 

**Myox>horia 



The first column marks the last appearance of several 
genera which are characteristic of Palaeozoic strata. The 
second shows those genera which are characteristic of the 
Upper Trias, either as peculiar to it or, as in the three cases 
marked by asterisks, reacliing their maximum of development 
at this era. The third column marks the first appearance in 
Triassic rocks of genera destined to become more abundant in 
later ages. 

It is only, however, when we contemplate the number of 
species by which each of the above-mentioned genera are repre- 
sented that we comprehend the peculiarities of what is commonly 
called the St. Cassian fauna. Thus, for example, the Ammonite, 

♦ Beaches its maximum in the ** Reach their maximum in the 
Trias, but passes down to older rocks. Trias, but pass up to newer rocks. 
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which is not common to older rocks, is represented by no less 
than seventy-three species ; whereas Loxonema, which is only 
known as common to older rocks, furnishes fifteen Triassic 
species. Oerithium, so abundant in tertiary strata, and which 
still lives, is represented by no less than fourteen species. As 
the Orthoceras had never been met with in the marine Muschel- 
kalk, much surprise was naturally felt that seven or eight 
species of the genus should appear in the Hallstadt beds, as- 
suming these last to belong to the Upper Trias. Among these 
species are some of large dimensions, associated with large 
Ammonites with foliated lobes, a form never seen before so 
low in the series, while the Orthoceras had never been seen so 
high. 

On the whole the rich marine fauna of Hallstadt and St. 
Cassian, now generally assigned to the lowest members of the 
Upper Trias or Keuper, leads us to suspect that when the strata 
of the Triassic age are better known, especially those belonging 
to the period of the Bunter Sandstone, the break, between the 
Palaeozoic and Mesozoic Periods may be almost effaced. In- 
deed some geologists are not yet satisfied that the true position 
of the St. Cassian bods (containing so great an admixture of 
types having at once both Mesozoic and Pakeozoic affinities) is 
made out, and doubt whether they have yet been clearly proved 
to be newer than the Muschelkalk. 

A rich fauna, comprising 225 species, of which about one- 
fourth are identical with those of St. Cassian, has been brought 
to light at d’Esino in Lombardy, and has been admirably illus- 
trated by Professor Stoppani. 1 He describes 65 species of the 
genus of spiral univalve Chemnitzia, reminding us by its abun- 
dance of the Ceritliia of the Paris basin , while the enormous 
size of some specimens would almost bear comparison with the 
CerUhinm giganteum of that Eocene fornuition. 

nXuBchelkalk. — The next member of the Trias in Germany, 
the Muschelkalk , which underlies the Keuper before described, 
consists chiefly of a compact greyish limestone, but includes 
beds of dolomite in many places, together with gypsum and 
rock salt. This limostone — a formation, perhaps, wholly un- 
represented in England — abounds in fossil shells, as the name 
implies. Among the Cephalopoda there are no belemnites, and 
no ammonites with completely foliated sutures, as in the Lias 
and Oolite and the Hallstadt beds ; but we find instead a genus 
allied to the Ammonite (fig. 409), called Ceratites by Do Haan, 
in which the descending lobes terminate in a few small denti- 
culations or sutures pointing inwards. Among the bivalve 
1 Stoppani, Les Petrifactions d’Esino. Milan, 1858 — 1860. 
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Crustacea, the Esfheria minuta, Bronn (see fig. 397, p. 358), is 
abundant, ranging through the Keuper and Muschelkaik ; and 



Ceratites nodosus , Scliloth. Muschelkaik, Germany. Oervillia ( Avicula ) socialis , 

Side and front view, showing the denticulated Schloth. Characteristic 
outline of the septa dividing the chambers. shell of the Muschelkaik, 


Oervillia socialis (fig. 410), having a similar range, is found in 
great numbers in the Muschelkaik of Germany, France, and 
Poland. 

The abundance of the heads and stems of lily encrinites, 
Encrinus liliiformis (fig. 411) (or Encrinites moniliformis ), shows 


Fig. 411. 



Encrinus liliiformis, Schlott. Syn. E. monili- 
formis. Body, arms, and part of stem. 
a. Section of stem. Muschelkaik. 


Fig. 412. 



Aspidura loricata , Agass. 
a. Upper side. b. Bower side. 
Muschelkaik. 


the slow manner in which some beds of this limestone have been 
formed in clear sea water. The star-fish called Aspidura lori - 

u 3 
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w 412) is as yet peculiar to the Muschelkalk. In the 
same formation are found the skull and teeth of a reptile of the 
genus Blacodus (see fig. 413), which was referred originally by 
Milnster, and afterwards by Agassiz, to the class of fishes. But 
more perfect specimens enabled Professor Owen, in 1858, to 
show that this fossil was a Saurian, which probably fed 
on shell-bearing mollusks, and used its short and flat teeth, so 
thickly coated with enamel, for pounding and crushing the 
shells. 


Tig. 413. 


Palatal tectli of Placodus gigas. 
Muschelkalk. 


Fig. 414. 



a. Voltzia heteropJiylla . (Syn. Voltzia 

brevifolia.) 

b. Portion of some magnified to show 

fructification. Sulzbad. 
Bunter-sandstein. 



Bunter-sandstein. — The Bunter-sandstein consists of various- 
coloured sandstones, dolomites, and red clays, with some beds, 
especially in the Hartz, of calcareous pisolite or roe-stone, the 
whole sometimes attaining a thickness of more than 1 ,000 feet. 
The sandstone of the Vosges is proved, by its fossils, to belong 
to this lowest member of the Triassic group. At Sulzbad (or 
Soultz-les-bains), near Strasburg, on the flanks of the Vosges, 
many plants have been obtained from the ‘ Bunter,’ especially 
conifers of the extinct genus Voltzia, of which the fructification 
has been preserved. (See fig. 414. ) Out of thirty species of 
ferns, cycads, conifers, and other plants, enumerated by M. Ad. 
Brongniart, in 1849, as coming from the / Grbs Bigarre/ or 
Bunter, not one is common to the Keuper. 

The footprints of Labyrinthodon observed in the clays of this 
formation at Hildburghausen, in Saxony, have already been 
mentioned. Some idea of the variety and importance of the 
terrestrial vertebrate fauna of the three members of the Trias in 
Northern Germany may be derived from the fact that in the 
great monograph by the late Hermann von Meyer on the reptiles 
of the Trias, the remains of no less than eighty distinct species 
are described and figured. 
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Fig. 415. 


TEXAS OF THE UNITED STATES. 

Vev Red Sandstone of the Valley of the Connecticut 
River. — In a depression of the granitic or hypogene rocks in 
the States of Massachusetts and Connecticut, strata of red 
sandstone, shale, and conglomerate are found, occupying an 
area more than 150 miles in length from north to south, and 
about 5 to 10 miles in breadth, the beds dipping to the east- 
ward at angles varying from 5 to 50 degrees. The extreme 
inclination of 50 degrees is rare, and only observed in the 
neighbourhood of masses of trap which have been intruded into 
the red sandstone while it was forming, or before the newer 
parts of the deposit had been completed. 

Having examined this series of rocks in many 
places, I feel satisfied that they were formed 
in shallow water, and for the most part near 
the shore, and that some of the beds were 
from time to time raised above the level of 
the water, and laid dry, while a newer series, 
composed of similar sediment, was forming. 

According to Professor Hitchcock, the 
footprints of no less than thirty-; w o species 
of bipeds, and twelve of quadrupeds, have 
been already detected in these rocks. Thirty 
of these are believed to be those of birds, 

* four of lizards, two of chelonians, and six of 
batrachians. The tracks have been found 
in more than twenty places, scattered through 
an extent of nearly 80 miles from north to 
south, and they are repeated through a suc- 
cession of beds attaining at some points a 
thickness of more than 1,000 feet. 1 

The bipedal impressions are for the most 
part trifid, and show the same number of 
joints as exist in the feet of living tridac- 
tylous birds. Now, such birds have three 
phalangeal bones for the inner toe, four for 
the middle, and five for the outer one (see 
fig. 415) ; but the impression of the terminal 
joint is that of the nail only. The fossil 
footprints exhibit regularly, where the joints 
are seen, the same number ; and we see in 
each continuous line of tracks the three- jointed and five-jointed 
toes placed alternately outwards, first on the one side and then on 

i Hitchcock, Mem. of Amer. Acad., New Series, vol. iii. p. 129. 1848. 



Footprints of a bird. 
Turner's Falls, 
Valley of t '10 Con- 
necticut. 
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the other. In some specimens, besides impressions of the three 
toes in front, the rudiment is seen of the fourth toe behind. It 
is not often that the matrix has been fine enough to retain im- 
pressions of the integument or skin of the foot ; but in one fine 
specimen found at Turner’s Falls on the Connecticut, by Dr. 
Deane, these markings are well preserved, and have been re- 
cognised by Professor Owen as resembling the skin of the OBtrich, 
and not that of reptiles. 

The casts of the footprints show that some of the fossil bipeds 
of the red sandstone of Connecticut had feet four times as large 
as the living ostrich, but scarcely perhaps larger than the Di- 
nomis of New Zealand, a lost genus of feathered giants related 
to the Apteryx, of which there were many species which have 
left their bones and almost entire skeletons in the superficial 
alluvium of that island. By referring to what was said of the 
Iguanodon of the Wealden the reader will perceive that the 
Dinosaur was somewhat intermediate between reptiles and birdB 
and left a series of tridactylous impressions on the sand. 

To determine the exact age of the red sandstone and shale 
containing these ancient footprints in the United States, is not 
possible at present. No fossil shells have yet been found in 
the dex>osit, nor plants in a determinable state. The fossil fish 
are numerous and very perfect ; but they are of a peculiar type, 
called Ischypterus , by Sir Philip Egerton, from the great size 
and strength of the fulcral rays of the dorsal fin, from 
strength, and rr-fpor, a fin. 

The age of the Connecticut beds cannot be proved by direct 
superposition, but may be presumed from the general structure 
of the country. That structure proves them to be newer than 
the movements to which the Appalachian or Alleghany chain 
owes its flexures, and this chain includes the ancient or palaeo- 
zoic coal-formation among its contorted rocks. 

Coal-field of Richmond, Virginia. — In the State of Virginia, 
at the distance of about 13 miles eastward of Richmond, the 
capital of that State, there is a coal-field occurring in a depression 
of the granito rocks, and occupying a geological position analo- 
gous to that of the New Red Sandstone, above mentioned, of 
the Connecticut valley. It extends 20 miles from north to 
south, and from 4 to 12 from east to west. 

The plants consist chiefly of zamites, calamites, equiseta, and 
ferns, and upon the whole are considered by Professor Heer to 
have the nearest affinity to those of the European Keuper. 

The equiseta are very commonly met with in a vertical posi- 
tion more or less compressed perpendicularly. It is clear that 
they grew in the places where they are now buried in strata of 
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hardened sand and mud. I found them maintaining their erect 
attitude, at points many miles apart, in beds both above and 
between the seams of coal. In order to explain this fact we 
must suppose such shales and sandstones to have been gradually 
accumulated during the Blow and repeated subsidence of the 
whole region. 

The fossil fish are Ganoids, some of them of the genus Catop- 
terus, others belonging to the liassic genus Tetragonolepis (JEch- 
modus) (see fijg. 383, p. 345). Two species of Entomostraca 
called Esther m are in such profusion in some shaly beds as to 
divide them like the plates of mica in micaceous shales (see 
fig. 416). 

Fig. 410. 



a. Estheria ovata. b. Young of same, 

c. Natural sizo of a. d. Natural size of 6, 

Triassic conl-shalc, Richmond, Virginia. 

These Virginian coal-measures are composed of grits, sand- 
stones, and shales, exactly resembling those of older or primary 
date in America and Europe, and they rival or even surpass the 
latter in the richness and thickness of the coal-seams. One of 
these, the main seam, is in some jdaces from 30 to 40 feet thick, 
composed of pure bituminous coal. The coal is like the finest 
kinds shipped at Newcastle, and when analysed yields the same 
proportions of carbon and hydrogen — a fact worthy of notice 
when we consider that this fuel has been derived from an 
assemblage of plants very distinct specifically, and in part 
generically, from those which have contributed to the forma- 
tion of the ancient or palaeozoic coal. 

Triassic mamznifer, — In North Carolina, the late Professor 
Emmons has described the strata of the Chatham coal-field, 
which correspond in age to those near Richmond in Virginia. 
In beds underlying them he has met with three jaws of a small 
insectivorous mammal, which he has called Dromatherium syl - 
vestre , closely allied to Spalacotherinm . Its nearest living ana- 
logue, says Professor Owen, 1 is found in Myrmecobius ; for 
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each ramus of the lower jaw contained ten small molars in a 
continuous Series, one canine, and three conical incisors — the 
latter being divided by short intervals.’ 

Low irade of early mammals favourable to the theory 
of progressive development. — There is every reason to be- 
lieve that this fossil quadruped is at least as ancient as the 
Microlestes of the European Trias above described, p. 356 ; and 
the fact is highly important, as proving that a certain low grade 
of marsupials had not only a wide range in time from the Trias 
to the Purbeck or uppermost oolitic strata of Europe, but 
had also a wide range in space, namely, from Europe to North 
America, in an east and west direction, and, in regard to lati- 
tude, from Stonesfield, in 52° N., to that of North Carolina, 
in 35° N. 

If the three localities in Europe where the most ancient 
mammalia have been found — Purbeck, Stonesfield, and Stutt- 
gardt — liad belonged all of them to formations of the same age, 
we might well have imagined so limited an area to have been 
peopled exclusively with pouched quadrupeds, just as Australia 
now is, while other parts of the globe were inhabited by pla- 
centals ; for Australia now supports one hundred and sixty 
species of marsupials, while the rest of the continents and 
islands are tenanted by about seventeen hundred species of 
mammalia, of which only forty-six are marsupial, namely, the 
opossums of North and South America. But the great difference 
of age of the strata in each of these three localities seems to 
indicate the predominance throughout a vast lapse of time 
(from the era of the Upper Trias to that of the Purbeck beds) 
of a low grade of quadrupeds ; and this persistency of similar 
generic and ordinal types in Europe while the species were 
changing, and while the fish, reptiles, and mollusca were under- 
going great modifications, would naturally lead us to suspect 
that there must also have been a vast extension in space of the 
same marsupial forms during that portion of the Secondary or 
Mesozoic epoch which has been termed 6 the age of reptiles.’ 
Such an inference as to the wide geographical range of the 
ancient marsupials has been confirmed by the discovery in the 
Trias of North America of the above-mentioned Dromatherium. 
The predominance in earlier ages of these m a mmali a of a low 
grade, and the absence, so far as our investigations have yet 
gone, of species of higher organisation, whether aquatic or ter- 
restrial, is certainly in favour of the theory of progressive 
development. 
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CHAPTER XXn. 

PERMIAN OR MAGNESIAN LIMESTONE GROUP.* 

Line of separation between Mesozoic and Palaeozoic rocks — Distinctness of 
Triassic and Permian fossils — Term Permian — Thickness of calcareous and 
sedimentary rocks in North of England — Upper — Middle — and Lower 
Permian — Marine shells and corals of the English Magnesian Limestone — 
Reptiles and fish of Permian marl slate — Footprints of reptiles — Angular 
breccias in Lower Permian — Extent of land in the Permian Period — Per- 
mian rocks of the Continent — Zechstein and Rothliegendes of Thuringia 
— Permian flora — Its generic affinity with the Carboniferous. 
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and variety of fossils both vertebrate and invertebrate. Pro- 
fessor Sedgwick in 1832 1 2 described what is now recognised as the 
central member of this group, the Magnesian Limestone, showing 
that it attained a thickness of 600 feet along the north-east of 
England, in the counties of Durham, Yorkshire, and Notting- 
hamshire, its lower part often passing into a fossiliferous marl- 
slate and resting on an inferior Red Sandstone, the equivalent 
of the Rothliegendes of Germany. It has since been shown 
that some of the Red Sandstones of newer date also belong to 
the Permian group ; and it appears from the observations of 
Mr. Binney, Sir R. Murchison, Mr. Harkness, and others that 
it is in the region where the limestone is most largely developed, 
as for example in the county of Durham , that the associated 
red sandstones or sedimentary rocks are thinnest, whereas in the 
country where the latter are thickest the calcareous member is 
reduced to 30 or even sometimes to 30 feet. It is clear, there- 
fore, says Mr. Hull, that the sedimentary region in the north of 
England area has been to the westward, and the calcareous 
area to the eastward ; and that in this group there has been a 
development from opposite directions of the two types of strata. 

In illustration of this he has given us the following table. 

THICKNESS OF PERMIAN STRATA IN NORTH OF ENGLAND. 

NW. of England NE. of England 
feet feet 

Upper Permian (Sedimentary) . . 600 50 - 100 

Middle ,, (Calcareous) . . 10-30 600 

Lower ,, (Sedimentary) . . 3,000 100 -250 8 

Upper Permian. — What is called in this table the Upper 
Permian will be seen to attain its chief thickness in the north- 
west or on the coast of Cumberland, as at St. Bees Head, where 
it is described by Sir Roderick Murchison as consisting of red 
sandstones and red clays with gypsum resting on a thin course of 
Magnesian Limestone with fossils, which again is connected with 
the Lower Red Sandstones, resembling the upper one in such a 
manner that the whole forms a continuous series. No fossil, 
footprints have been found in this Upper as in the Lower Red 
Sandstone. 

Middle Permian — Magnesian limestone and Marl-slate. 

— This formation is seen upon the coast of Durham and York- 
shire, between the Wear and the Tees. Among its characteristic 

1 Trans. Geol. Soc. Lond., Second cation, Quart. Joum. of Science, 1869,- 

Series, vol. iii. p. 37. No. xxiii. 

2 Edward Hull, Ternary Classifi- 
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fossils are Schizodns Schlotheimi (fig. 417) and Mytilus septifer 
(fig. 419). These shells occur at Hartlepool and Sunderland, 


Fig. 417. 



Schizodus Schlotheimi , Gcinitz, 
Permian crystalline 
limestone. 


Fig. 418. 



The hinge of Schizodus 
truncatus, King. 
Permian. 


Fig. 419. 



Mytilus septifer , King. 
Syn. Modiola acuminata , 
Sow. Permian 
crystalline limestone. 


where the rock assumes an oolitic and botryoidal character. 
Some of the beds in this division are ripple -marked. In some 
parts of the coast of Durham, where the rock is not crystalline, 
it contains as much as 44 per cent, of carbonate of magnesia, 
mixed with carbonate of lime. In other places — for it is 
extremely variable in structure — it consists chiefly of carbonate 
of lime, and has concreted into globular and hemispherical 
masses, varying from the size of a marble to that of a cannon- 
ball, and radiating from the centre. Occasionally earthy and 
pulverulent beds pass into compact limestone or hard granular 
dolomite. Sometimes the limestone appears in a brecciated 
form, the fragments which are united together not consisting of 
foreign rocks, but seemingly composed of the breaking-up of the 
Permian limestone itself, about the time of its consolidation. 


Fig. 420. 



a. Feneslella retiformis, Sehlot., sp. 

Syn. Gorgonia infundibulifovm is, Goldf. ; lletepova jf ustracea, Phillips. 

6. Part of the same highly magnified. 

Magnesian Limestone, Humbleton Hill, near Sunderland. 1 

Some of the angular masses in Tynemouth cliff are 2 feet in 
diameter. 


King’s Monograph, PL 2. 
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The magnesian limestone sometimes becomes very fossili- 
ferous and includes in it delicate polyzoa, one of which, Fencstellct 
retiformis (fig. 420), is a very variable species, and has receivod 
many different names. It sometimes attains a large size, single 
specimens measuring 8 inches in width. The same polyzoan, 
with four other British species, is also found abundantly in 
the Permian of Germany. 

The total known fauna of the Permian series of Great Britain 
at present numbers 147 species, of which 77, or more than half, 
are mollusca. Not one of these is common to rocks newer than 
the Palaeozoic, and the bracliiopods are the only group which 
have furnished species common to the more ancient or Carboni- 
ferous rocks. Of these Lingula Crednerii (fig. 422) is an ex- 
ample. There are 25 gasteropods and only one cephalopod, 
Nautilus Freieslebeni, which is also found in the German 
Zochstein. 

Shells of the genera Productus (fig. 421) and Strophalosia 
(the latter of allied form with hinge teeth), which do not 
occur in strata newer than the Permian, are abundant in the 
ordinary yellow magnesian limestone, as will be seen in the valu- 


Fig. 421. 



Productus horridus, Sowcrby. 

(/’. Culvus. Sow.; 
Sunderland and Durham, iu 
Ma^picsian Limestone ; 
Zecbstein and Kupferschiefer, 
Germany. 


Fig. 422. 



Ltnr/iiJa Crednerii. 
(Ge niifcz.) 
Magnesian 
Limestone, and 
Carboniferous. 
Marl-slate, Dur- 
ham ; Zcclistein, 
Thuringia. 


Fig. 423. 



Spirifera atafa, Schloth. 
Syn. Trujonotreta undulata , 
Sow, King’s Monogr. 
Magnesian Limestone. 


able memoirs of Messrs. King and Howse. They are accom- 
panied by certain species of Spirifera (fig. 423), Lingula Crednerii 
(fig. 422), and other brachiopoda characteristic of the primary or 
palaeozoic formations. Some of this same tribe of shells, such as 
Camarophoria allied to Rhynchonella , Spirifcrina, and two species 
of Lingula , are specifically the same as fossils of the Carboniferous 
rocks. Avioula, Area , and Schizodus (fig. 417), and other lamel- 
libranchiate bivalves, are abundant, but spiral univalves are 
very rare. 

Beneath the limestone lies a formation termed the marl-slate, 
which consists of hard, calcareous shales, marl-slate and thin- 
bedded limestones. At East Thickley, in Durham, whore it is 
thirty feet thick, this slate has yielded many fine specimens of 
fossil fish — of the genera Palseomscus 10 species, Pygopterus 2 
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species , Gddacanthus 2 species, and Platysomus 2 species, which 
as genera are common to the older Carboniferous formation ; 
but the Permian species are peculiar, and, for the most part, 
identical with those found in the marl-slate or copper-slate of 
Thuringia. 

Fig. 424. 



Restored outline of a fish of the perms Palcconiscus, Aga as. 
Pahvothrissum, Rlainville. 


The Palaioniscus above mentioned belongs to that division of 
fishes which M. Agassiz has called ‘ Heterocercal,’ which have 
their tails unequally bilobate, like the recent shark and stur- 
geon, and the vertebral column running along the upper caudal 
lobe. (See fig. 425.) The ‘ Homocercal ’ fish, which comprise 
almost all the 9,000 species at present known living, have the 


Fig. 425. Fig. 42C. 



Shark. Shad. ( Clupea . Herring tribe.) 

JJeterocercal. Homocercal . 


tail-fin either single or equally divided ; and the vertebral column 
stops short, and is not prolonged into either lobe. (See fig. 426.) 
Now it is a singular fact, first pointed out by Agassiz, that the 
heterocercal form, which is confined to a small number of exist- 
ing genera, is universal in the magnesian limestone, and all the 
more ancient formations. It characterises the earlier periods of 
the earth’s history, whereas in the secondary strata, or those 
newer than the Permian, the homocercal tail greatly predomi- 
nates. 

In Prof. King’s monograph before referred to, a full description 
has been given by Sir Philip Egerton of the species of fish cha- 
racteristic of the marl-slate ; and figures of the ichthyolites, 
which are very entire and well preserved, will be found in the 
same memoir. Even a single scale is usually so characteristically 
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marked as to indicate the genus, and sometimes even the 
particular species. They are often scattered through the beds 
singly, and may be useful to a geologist in determining the age 
of the rock. 

SCALES OP FISH. MAGNESIAN LIMESTONE. 


Pig. 427. Pig. 428. Fig. 429. Fig. 430. 



Fig. 427. Palcroniscus comptus, Agassiz, Scale, magnified. Marl-slate. 

Fig. 428. Palcroniscus elcgans, Sedg. Under surface of scale, magnifier!. Marl-slate. 
Fig. 429. Palcroniscus glaphyrus . , Ag. Under surface of scale, magnified. Marl-slate. 
Fig. 430. Coil acanthus granulatus, Granulated surface of scale, magnified. Marl- 

slate. 


Fig. 431. Fig. 432. 



Pggopterus mandibular is, Ag. Marl-slate. Acrolepis Scdgwickii, Ag. 

a. Outside of scale, magnified. Outside of scale, magnified. 

1. Under surface of same. Marl-slate. 


We are indebted to Mr. Joseph Duff, of Bishop’s Auckland, as 
mentioned by Messrs. Hancock and Howse, for the discovery in 
this marl-slate at Midderidge, Durham, of two species of Proto - 
romnrus, a genus of reptiles, one representative of which, P. 
Spencri, has been celebrated ever since the year 1810 as charac- 
teristic of the Kupfer-schicfer or Permian of Thuringia. Pro- 
fessor Huxley informs us that the agreement of one of the 
Durham fossils with Hermann von Meyer’s figure of the German 
specimen is most striking. Although the head is wanting in all 
the examples yet found, they clearly belong to the Lacertian 
order, and are therefore of a higher grade than any other 
vertebrate animal hitherto found fossil in a Palaeozoic rock. 
Remains of a Labyrinthodont, Lepidotosaurus Duffii , J have been 
met with in the same slate near Durham ; and a quarry in the 
Permian sandstone of Kenilworth has yielded the skull of 

1 Hancock and Howse, Quart. Geol. Journ., vol. xxvi. pi. xxxviii. 
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another species called by Professor Huxley L . Dasyceps , on 
account of the roughness of the surface of the cranium. 

Xiower Permian. — The beds which lie beneath the marl- 
slate consist of sandstone and sand, separating the Magnesian 
Limestone from the coal, in Yorkshire and Durham. In some 
instances, red marl and gypsum have been found associated with 
these beds. They have been classed with the Magnesian Lime- 
stone by Professor Sedgwick, as being nearly co-extensive with 
it in geographical range, though their relations are very obscure. 
But the principal development of Lower Permian is, as we 
have seen by Mr. Hull’s table (p. 376) in the north-west, where 
the Penrith sandstone, as it has been called, and the associated 
breccias and purple shales are estimated by Professor Harkness 
to attain a thickness of 3,000 feet. Organic remains are gene- 
rally wanting, foot-prints and worm-tracks are occasionally met 
with, and the leaves, cones, and wood of coniferous plants have 
been found in beds considered by Professor Harkness to be the 
equivalent of the marl-slate which overlies the Penrith sands at 
Hilton. Also in the red sandstones of Corncockle Muir near 
Dumfries very distinct footprints of reptiles occur, originally 
referred to the Trias, but shown by Mr. Binney in 1856 to be 
Permian. No bones of the animals which they represent have 
yet been discovered. 

Angular breccias in Lower Permian . — A striking feature in 
these beds is the occasional occurrence, especially at the base of 
the formation, of angular and sometimes rounded fragments of 
Carboniferous and older rocks of the adjoining districts being 
included in a red matrix. Some of the angular masses are of 
liuge size. 

In the central and southern counties, where the Middle 
Permian or Magnesian Limestone is wanting, it is difficult to 
separate the upper and lower sandstones, and Mr. Hull is of 
opinion that the patches of this formation found here and there 
in Worcestershire, Shropshire, and other counties may have 
been deposited in a sea separated from the northern basin by a 
barrier of Carboniferous rocks running east and west, and now 
concealed under the Triassic strata of Cheshire. Similar breccias 
to those before described are found in the more southern 
counties last mentioned, where their appearance is rendered 
more striking by the marked contrast they present to the beds 
of well-rolled and rounded pebbles of the Trias occupying a 
large area in the same region. 

Professor Ramsay refers the angular form and large size of 
the fragments composing these breccias to the action of floating 
ice in the sea. These masses of angular rock, some of them 
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weighing more than half a ton, and lying confusedly in a red 
unstratified marl, like stones in boulder-drift, are in some cases 
polished, striated, and furrowed like erratic blocks in the 
moraine of a glacier. They can be shown in some cases to have 
travelled from the parent rocks, thirty or more miles distant, 
and yet not to have lost their angular shape . 1 

Sxtent of land In tbe Permian Period. — I have already 
mentioned, when treating of the Keuper, that Professor Ramsay 
considers the Triassic strata to have been formed in inland lakes 
during a Continental period, and he is disposed to believe that 
similar conditions prevailed during the deposition of the Per- 
mian series. The footprints of the vale of Eden, he remarks, the 
sun-cracks, rain-pittings, and ripplings impressed upon the beds, 
apparently indicate shore-surfaces, and the dwarfed and poverty- 
stricken nature of the magnesian limestone fossils of the Upper 
Permian strata of Lancashire resembles the living molluscan 
fauna of the Caspian Sea. On the other hand, the Magnesian 
Limestone of the east of England contains a much richer 
marine fauna, affording indications of a freer communication with 
the ocean . 2 

Permian rooks of the Continent. — Germany is the classic 
ground of the Magnesian Limestone now called Permian. The 
formation was well studied by the miners of that country a 
century ago, being known to contain a thin band of dark- 
coloured cujjriferous shale, characterised at Mansfeld in Thu- 
ringia by numerous fossil fish. Beneath some variegated 
sandstones (not belonging to the Trias, though often confounded 
with it) they came down first upon a dolomitic limestone corre- 
sponding to the upper part of our Middle Permian, and then 
upon a marl-slate richly impregnated with copper pyrites, and 
containing fish and reptiles (Protorosaurus) identical in species 
with those of the corresponding marl-slate of Durham. To the 
limestone they gave the name of Zechstein, and to the marl- 
slate that of Mergel-schiefer or Kuj)fer-scliiefer. Beneath the 
fossiliferous group lies the Rothliegendes or Roth-todt-liegendes, 
meaning the red-lyer or red-dead-lyer, the first name being 
given to it by the German miners from its colour, and the 
second because the copper had died out when they reached 
this underlying non-metalliferous member of the series. This 
red under-Iyer is, in fact, a great deposit of red sandstone, 
breccia, and conglomerate with associated porphyry, basalt, and 
amygdaloid. 

1 Ramsar, Quart. Geol. Journ. 2 Ramsay, Quart. Gcol. Journ, 

1855,. and Lyell, Principles of Geo- vol. xxvii. p. 247. 
logy, vol. i. p. 223., 10th edit. 
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In Russia, according to Sir R. Murchison, the Permian rocks 
are composed of white limestone, with gypsum and white salt ; 
and of red and green grits, occasionally with copper ore ; also 
magnesian limestones, marlstones, and conglomerates. 

Permian flora, — About 18 or 20 species of plants are known 
in the Permian rocks of England. None of them pass down 

Fig. 433, 



Walchia piniformin, Sell loth. IYnnian, Saxony. (Gut bier, Dio Yersteinerungen 
ties Permischen Systemes in Saebson, vol. ii. pi. x.) 
a. Branch. b. Twig of the same. c. Leaf magnified. 


into the Carboniferous series, but several 
genera, such as Alethopteris , Ncnropteris , 
and JValchia , are common to the two 
groups. The Permian flora on the Conti- 
nent appears, from the researches of MM. 
Murchison and de Verneuil in Russia, 
and of MM. Geinitz and von Gut bier in 
Saxony, to bo, witli few exceptions, dis- 
tinct from that of the coal. 

In the Permian rocks of Saxony no less 
than 60 species of fossil plants have been 
met with. Two or three of those, as 
Calamites glgas , Sphcnoptcris erosa , and S. 
lobata, are also met with 
in the government of 
Perm in Russia. Seven 
others, and among them 
Neuropteris Loshii , Pecop- 
teris arbor escem, and P. 
similis , and several species 
of Walchia (see fig. 433), 
a genus of Conifers called 


Fig. 434. 



Cardiocarpon Ot - 
tonus. Gntbier. 


Fig. 433, 



Noeggevathia cuneifolia. 
Brongniart. 1 


1 Murchison’s Russia, vol. ii. pi. A. fig. 3. 
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Lycopodites by some authors, , are said by Geinitz to be com- 
mon to the coal-measures. 

Among the genera also enumerated by Colonel Gutbier are 
the fruit called Gardiocarpon (see fig. 434), Aster ophyllites, and 
Annularia , so characteristic of the Carboniferous period ; also 
Lepidodendron , which is common to the Permian of Saxony, 
Thuringia, and Russia, although not abundant. Noeggerathia, 
(see fig. 435), the leaves of which have parallel veins without a 
mid-rib, and to which various generic synonyms, such as 
Cordaites , Flabellaria , and Poacites, have been given, is another 
link between the Permian and Carboniferous vegetation. 
Coniferee, of the Araucarian division, also occur ; but these are 
likewise met with both in older and newer rocks. The plants 
called Sigillaria and Stigmaria , so marked a feature in the 
Carboniferous period, are as yet wanting in the true Permian. 

Among the remarkable fossils of the Rothliegendes, or lowest 
part of the Permian in Saxony and Bohemia, are the silicified 
trunks of tree-ferns called generically Psaronius. Their bark 
was surrounded by a dense mass of air-roots, which often 
constituted a great addition to the original stem, so as to double 
or quadruple its diameter. The same remark holds good in 
regard to certain living extra-tropical arborescent ferns, particu- 
larly those of New Zealand. 

Thus we see that while upon the whole the plants of the 
marl-slate or Middle Permian differ considerably from those of 
the Coal Period, the plants of the Rothliegende of Germany 
which belong to the Lower Permian begin to show a very close 
generic affinity with Carboniferous forms. 
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CHAPTER XXIII. 

THE COAL OR CARBONIFEROUS GROUP. 

Principal subdivisions of the Carboniferous Group — Different thickness of 
the sedimentary and calcareous members in Scotland and the South of 
England — Coal-measures — Terrestrial nature of the growth of coal — Erect 
fossil trees — Uniting of many coal-seams into one thick bed — Purity of the 
coal explained — Conversion of coal into anthracite — Origin of clay iron-r 
stone — Marine and brackish-water strata in coal — Fossil insects — Batra- 
cliian reptiles — Carboniferous Amphibia — Labyrintliodont foot-prints in 
coal-measures — Nova Scotia coal-measures with successive growths of erect 
fossil trees — Structure of American and European coal — Air-breathers of 
the American coal — Changes of condition of land and sea indicated by the 
Carboniferous strata of Nova Scotia. 

Principal subdivisions of tbe Carboniferous Group. — The 

next group which we meet wiuk in descending order is tho 
Carboniferous, common! j called £ The Coal ; ’ because it con- 
tains many beds of that mineral, in a more or loss pure state, 
interstratified with sandstones, shales, and limestones. The 
coal itself, even in Great Britain and Belgium, where it is 
most abundant, constitutes hut an insignificant portion of the 
whole mass. In South Wales, for example, the thickness of 
the coal-hearing strata has been estimated at between 11,000 
and 12,000 feet, while tho various coal-seams, about 80 in 
number, do not, according to Prof. Phillips, exceed in the 
aggregate 120 feet. 

The carboniferous formation assumes various characters in 
different parts even of tho British Islands. It usually com- 
prises two very distinct members : 1st, the sedimentary beds, 
usually called the Coal-measures, of mixed freshwater, terres- 
trial, and marine origin, including seams of coal ; 2ndly, that 
named in England the Mountain or Carboniferous Limestone, 
of purely marine origin, and made up chiefly of corals, shells, 
and encrinites, and resting on alternating beds of limestone 
and shale called the Lower Limestone shale. 

In the south-western part of our island, in Somersetshire and 
South Wales, the three divisions usually spoken of are : — 

s 
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J, Coal-measures 


Strata of shale, sandstone, and grit, from 600 to 10,000 
feet thick, with occasional seams of coal. 


2, Mill-stone 


grit 



coarse quart zose sandstone and conglomerate, 
sometimes used for millstones, with hods of shale ; 
usually devoid of coal ; occasionally above COO feet 
thick ; commonly called ‘ Farewell Lock.’ 


8. Mountain or C A calcareous rock containing marine shells, corals, 
Carboniferous -< and encrinites ; thickness variable, sometimes more 
Limestone. t than 2,000 feet. 


If the reader will refer to tlie section fig. 85, p. 107, lie will 
see that the Upper and Lower Coal-measures of the Coal-field 
near Bristol are divided by a micaceous flaggy sandstone called 
the Pennant Rock, about 1,500 feet thick. The Lower Coal- 
measures of the same section rest on a base of coarse grit called 
the Millstone Grit (No. 2 of the above table). 

In the South Welsh coal-field Millstone Grit occurs in like 
manner at the base of the productive coal-measures. It is called 
by the miners the ‘ Farewell Rock,’ as when they reach it they 
have no longer any hopes of obtaining coal at a greater depth in 
the same district. In the central and northern coal-fields of 
England this same Grit, including quartz pebbles, with some 
accompanying sandstones and shales containing coal plants, 
acquires a thickness of several thousand feet, lying beneath the 
productive coal-measures, which are nearly 10,000 feet thick. 

Below the Millstone Grit is a continuation of similar sand- 
stones and shales called by Professor Phillips the Yoredale 
y series, from Yoredale, in Yorkshire, where they attain a thick- 
ness of from 800 to 1,000 feet. At several intervals bands of 
■ limestone divide this part of the series, one of which, called the 
Main Limestone or Upper Scar Limestone, composed in great 
part of encrinites, is 70 feet thick. Thin seams of coal also 
occur in these lower Yoredale beds in Yorkshire, showing that 
in the same region there were great alternations in the state of 
the surface. For at successive periods in the same area there 
prevailed first, terrestrial conditions favourable to the formation 
of pure coal, secondly, a sea of some depth suited to the for- 
mation of Carboniferous Limestone, and, thirdly, a supply of 
muddy sediment and sand, furnishing the materials for sand- 
stone and shale. There is no clear line of demarcation between 
the Coal-measures and the Millstone Grit, nor between the 
Millstone Grit and underlying Yoredale rocks. 

On comparing a series of vertical sections in a north-westerly 
direction from Leicestershire and Warwickshire into North 
Lancashire we find, says Mr. Hull, within a distance of 120 
miles an augmentation of the sedimentary materials to the ex- 
tent of 16,000 feet. 
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Feet 

Leicestershire and Warwickshire . . . 2,600 

North Staffordshire ..... 9,000 

South Lancashire ...... 12,160 

North Lancashire ...... 18,700 


In central England, where the sedimentary beds are reduced 
to about 3,000 feet in all, the Carboniferous Limestone attains 
an enormous thickness, according to Mr. Hull’s estimate, as 
much as 4,000 feet at Ashbourne, near Derby. To a certain 
extent, therefore, we may consider tho calcareous member of 
the formation as having originated simultaneously with the ac- 
cumulation of the materials of grit, sandstone, and shale, with 
seams of coal ; just as strata composed of mud, sand, and 
pebbles, several thousand feet thick, with layers of vegetable 
matter, arc now in the process of formation in the cypress 
swamps and delta of the Mississippi, while coral reefs are 
simultaneously forming on the coast of Florida, and in the sea 
of the Bermuda islands. For we may safely conclude that in 
the ancient Carboniferous ocean those marine animals which 
secreted lime were never freely developed in areas where 
the rivers poured in freshwater charged witli sand or chay ; and 
the limestone could only become several thousand feet thick 
over parts of the ocean bed, which was being slowly depressed, 
the water remaining perfectly clear for ages. 

The calcareous strata of tho Scotch coal-fields, those of Lan- 
arkshire, the Lotliians, and Fife for example, are very insigni- 
ficant in thickness when compared to those of England. They 
consist of a few -beds intercalated between the sandstones and 
shales containing coal and ironstone, the combined thickness of 
all the limestones amounting to no more than 1 50 feet. The 
vegetation of some of these northern sedimentary beds contain- 
ing coal may be older than any of the coal-measures of central 
and southern England as being coeval with the Mountain Lime- 
stone of the south. In Ireland the limestone predominates 
over the coal-bearing sands and shales. We may infer the 
former continuity of several of the coal-fields in northern and 
central England, not only from the abrupt manner in which 
they arc cut off at their outcrop, but from their remarkable 
correspondence in the succession and character of particular beds. 
But the limited extent to which these strata are exposed at the 
surface is not merely owing to their former denudation, but even 
in a still greater degree to their having been largely covered by 
the New Bed Sandstone, as in Cheshire and the midland 
counties, and here and there by the Permian strata, as in 
Durham. 
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It lias long been the opinion of the most eminent geologists 
that the coal-fields of Yorkshire and Lancashire were once united, 
the overlying upper Coal-measures, Millstone Grit, and Yore- 
dale rocks having been subsequently removed ; but what is 
remarkable is the ancient date now assigned to this denudation, 
for it seems that a thickness of no less than 10,000 feet of the 
coal-measures had been carried away before the deposition even 
of the lower Permian rocks which were thrown down upon the 
already disturbed truncated edges of the coal-strata. 1 The car- 
boniferous strata most productive of workable coal have so 
often a basin -shaped arrangement that these troughs have some- 
times been supposed to be connected with the original confor- 
mation of the surface upon which the beds were deposited. But 
this structure is really owing to movements of upheaval and 
subsidence in the earth’s crust, and the flexure and inclination 
of the beds lius no connection with the original geographical 
configuration of the district. 

COAL-MEASURES. 

I shall now treat more particularly of the productive coal- 
measures and their mode of origin and organic remains. 

Coal formed on land. — In South Wales, already alluded to, 
where the coal-measures attain a thickness of 10,000 feet, the 
sandstones and shales throughout appear to have been formed 
in water of moderate depth, during a slow, but perhaps inter- 
mittent, depression of the surface, in a region to which rivers 
were bringing a never-failing supply of muddy sediment and 
sand. The same area was alternately covered with vast forests, 
such as we see in the deltas of great rivers in warm climates, 
which are liable to be submerged beneath fresh or salt water 
should the land sink vertically a few feet. 

In one section near Swansea, in South Wales, where the 
total thickness of the coal-measures is 3,240 feet, we learn from 
Sir H. De la Beche that there are ten principal masses of sand- 
stone. One of these is 500 feet thick, and the whole of them 
make together a thickness of 2,125 feet. They are separated by 
masses of shale, varying in thickness from 10 to 50 feet. The 
intercalated coal-beds, sixteen in number, are generally from 
1 to 5 feet thick, one of them, which has two or three layers of 
clay interposed, attaining 9 feet. At other points in the same 
coal-field the shales predominate over the sandstones. Great as 
is the diversity in the horizontal extent of individual coal-seams 
they all present one characteristic feature, in having, each of 

1 Edward Hull, Quart. Geol. Journ., vol. xxiv. p. 327. 
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them, what is called its under clay. These underclays, coexten- 
sive with every layer of coal, consist of arenaceous shale, some- 
times called fire-clay, because it can be made into bricks which 
stand a furnace heat. They vary in thickness from G inches to 
more than 10 feet ; and Sir William Logan first announced in 
1841 that they were regarded by the colliers in South Wales as 
an essential accompaniment of each of the eighty or more seams 
of coal met with in their coal-field. They are said to form the 
floor on which the coal rests ; and some of them have a slight 
admixture of carbonaceous matter, while others are quite 
blackened by it. 

All of them, as Sir William Logan pointed out, are charac- 
terised by enclosing a peculiar species of fossil plant called 
Stigma rla, to the exclusion of other plants. It was also ob- 
served that, while in the overlying shales or ‘ roof ’ of the coal, 
ferns and trunks of trees abound without any MtufmarUu, and 
are flattened and compressed, those singular plants of the 
undcrclay most commonly retain their natural forms, unflattened 
and brandling freely, sending out their slender rootlets, 
formerly thought to be leaves, through the mud in all directions. 
Several species of stigma via had long been known to botanists, 
and described by them, before their position under each seam 
of coal was pointed out, and before their true nature as the 
roots of trees (some having been actually found attached to the 
base of Slgillaria stumps) was recognised. It was conjectured 1 
that they might be aquatic, perhaps floating plants, which some- 
times extended their branches and leaves freely in fluid mud, 
in which they were finally enveloped. 

Now that all agree that these underclays are ancient soils, it 
follows that in every instance where we find them they attest 
the terrestrial nature of the plants which formed the overlying 
coal, which consists of the trunks, branches, and leaves of the 
same plants. The trunks have generally fallen prostrate in the 
coal, but some of them still remain at right angles to the ancient 
soils (see fig. 447, p. 402). Professor Goppert, after examining 
the fossil plants of the coal-fields of Germany, has detected, 
in beds of pure coal, remains of every family hitherto known 
to occur fossil in the carboniferous rocks. Many scams, ho 
remarks, are rich in Sig ilia rue, Lepidodendra , and Stigmarix, 
the latter in such abundance as to appear to form the bulk of 
the coal. In some places, almost all the plants were calamites, 
in others ferns. 1 

Between the years 1837 and 1840, six fossil trees were dis- 
covered in the coal-field of Lancashire, where it is intersected 

1 Quart. Geol. Journ., vol. v., Mem., p. 17. 
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by the Bolton Railway. They were all at right angles to the 
plane of the bed which dips about 15° to the south. The dis- 
tance between the first and the last was more than 100 feet , 
and the roots of all were embedded in a soft argillaceous shale. 
In the same plane with the roots is a bed of coal, eight or ten 
inches thick, which has been found to extend across the rail- 
way, or to the distance of at least ten yards. Just above the 
covering of the roots, yet beneath the coal-seam, so large a 
quantity of the Lcpidostrohns variabilis was discovered enclosed 
in nodules of hard clay, that more than a bushel was collected 
from the small openings around the base of some of the trees 
(see figure of this genus, p. 417). The exterior trunk of each 
w r as marked by a coating of friable coal, varying from one 
quarter to three-quarters of an inch in thickness ; but it 
crumbled away on removing the matrix. The dimensions of 
one of the trees is 15£ feet in circumference at the base, 7| feet 
at the top, its height being 11 feet. All the trees have large 
spreading roots, solid and strong, sometimes branching, and 
traced to a distance of several feet, and presumed to extend 
much farther. 

In a colliery near Newcastle a great number of & tig Maria 
occur in the rock as if they had retained the position in which 
they grew. Not less than thirty, some of them 4 or 5 feet in 
diameter, were visible within an area of 50 yards square, the 
interior being sandstone, and the bark having been converted 
into coal. Such vertical stems are familiar to our coal miners, 
under the name of ‘ coal-pipes ’ and ‘ bell-moulds. ’ They are 
much dreaded, for almost every year in the Bristol, Newcastle, 
and other coal-fields, they are the cause of fatal accidents. 
Each cylindrical cast of a tree, formed of solid sandstone, and 
increasing gradually in size towards the base, and being without 
branches, has its whole weight thrown downwards, and receives 
no support from the coating of friable coal which has replaced 
the bark. As soon, therefore, as the cohesion of this external 
layer is overcome, the heavy column falls suddenly in a perpen- 
dicular or oblique direction from the roof of the gallery whence 
coal has been extracted, wounding or killing the workman who 
stands below. It is strange to reflect how many thousands of 
these trees fell originally in their native forests in obedience to 
the law of gravity ; and how the few which continued to stand 
erect, obeying, after myriads of ages, the same force, are cast 
down to immolate their human victims. 

It has been remarked, that if, instead of working in the $ark, 
the miner was accustomed to remove the upper covering of 
rock from each seam of coal, and to expose to the day the soils 
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on which ancient forests grew, the evidence of their former 
growth would be obvious. Thus in South Staffordshire a seam 
of coal was laid bare in the year 1844, in what is called an open 
work at Parkfield Colliery, near Wolverhampton. In the space 
of about a quarter of an acre tho stumps of no less than seventy- 
three trees with their roots attached appeared, as shown in the 
annexed plan (lig. 430), some of them more than 8 feet in cir- 


Fig. m. 



Ground plan of a fossil forest, Parkfield Colliery, near Wolverhampton, 
showing the position of 711 trees in a quarter of ai .ere. 

cumfercnce. The trunks, broken off close to the root, were 
lying prostrate in every direction, often crossing each other. 
One of them measured 15, another 30 feet in length, and others 
less. They were invariably flattened to the thickness of one or 
two inches, and converted into coal. Their roots formed part 
of a stratum of coal 10 inches thick, which rested on a layer of 
clay 2 inches thick, below which was a second forest, resting on a 
2-foot seam of coal. Five feet below this again was a third forest 
with large stumps of Lepidodendra, Catamites , and other trees. 

Blending of coal-seams. — Both in England and North 
America seams of coal are occasionally observed to be parted 
from each other by layers of clay, sand, and shale, and after they 
have been persistent for miles to come together and blend in one 
single bed, which is then found to be equal in the aggregate to 
the thickness of the several seams. I was shown by Mr. H. D. 
Rogers a remarkable example of this in Pennsylvania. In the 
Shark Mountain, near Pottsville, in that State, there are thir- 
teen seams of anthracite coal, some of them more than six fp 
thick, separated by beds of white quartzose grit and a co T 
merate of quartz pebbles, often of the size of a lior' 
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Between Pottsville and the Lehigh Summit Mine, seven of 
these seams of coal, at first widely separated, are, in the course 
of several miles, brought nearer and nearer together by the gra- 
dual thinning out of the intervening coarse-grained strata and 
their accompanying shales, until at length they successively 
unite and form one mass of coal between forty and fifty feet 
thick, very pure on the whole, though with a few thin partings, 
of clay. This mass of coal I saw quarried in the open air at 
Mauch Chunk, or the Bear Mountain. The origin of such a 
vast thickness of vegetable remains so unmixed on the whole 
with earthy ingredients, can be accounted for in no other way 
than by the growth, during thousands of years, of trees and 
'ferns, in the manner of peat — a theory which the presence of 
the Stigmaria hi situ under each of the seven layers of anthra- 
cite fully bears out. The rival hypothesis, of the drifting of 
plants into a sea or estuary, leaves the non-intermixture of 
sediment, or of clay, sand, and pebbles with the pure coal, 
wholly unexplained. 

The late Mr. Bowman was the first who gave a satisfactory 
explanation of the manner in which distinct coal-seams, after 
maintaining their independence for miles, may at length unite, 
and then persist throughout another wide area w r ith a thickness 
equal to that which the separate seams had previously main- 
tained. 

Fig. 4U7. 

Uniting of distinct coal-seams. 

Let A c be a 3-foot scam of coal originally laid down as a mass 
of vegetable matter on the level area of an extensive swamp, 
having an underclay / g through which the Stigmarhe or roots 
of the trees penetrate as usual. One portion b c of this seam of 
coal is now inclined ; the area of the swamp having subsided as 
much as 25 feet at k o, and become for a time submerged under 
salt, fresh, or brackish w ater. Some of the trees of the original 
forest abc fell down others continued to stand erect in the 
new lagoon, their stumps and part of their trunks becoming gra- 
dually enveloped in layers of sand and mud, which at length 
filled up the new x>iece of water c e. 

When this lagoon has been entirely silted up and converted 
into land, the forest-covered surface a b will extend once more 
over the whole area abe, and a second mass of vegetable matter 
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D e forming three feet more of coal will accumulate. We then 
find in the region E c two seams of coal, each three feet thick 
with their respective underclays, with erect buried trees based 
upon the surface of the lower coal, the two seams being sepa- 
rated by 25 feet of intervening shale and sandstone. Whereas 
in the region A B where the growth of the forest has never been 
interrupted by submergence, there will simply be one seam two 
yards thick corresponding to the united thickness of the beds 
u E and b c. It may be objected that the uninterrupted growth 
of plants during the interval of time required for the filling up 
of the lagoon will have caused the vegetable matter in the 
region n a b to bo thicker than the two distinct seams e and c, 
and no doubt there would actually be a slight excess represent- 
ing one or more generation of trees and plants forming the 
undergrowth ; but this excess of vegetable matter when com- 
pressed into coal would be so insignificant in thickness that the 
miner might still affirm that the seam i> a throughout the area 
i) A b was equal to the two seams u and E. 

Cause of the purity of coal. — The purity of the coal itself, 
or the absence in it of earthy particles and sand, throughout 
areas of vast extent, is a fact which appears very difficult to 
explain when we attribute each coal-seam to a vegetation 
growing in swamps. It has been asked how, during river inun- 
dations capable of sweeping away the leaves of ferns and the 
stems and roots of tfigillaruv and other trees, could the waters 
fail to transport some fine mud into the swamps l One gene- 
ration after another of tall trees grew with their roots in mud 
and their leaves and prostrate trunks formed layers of veget- 
able matter, which was afterwards covered with mud since 
turned to shale. Yet the coal itself, or altered vegetable 
matter, remained all the while unsoiled by earthy particles. 
This enigma, however perplexing at first sight, may, 1 think, 
be solved by attending to what is now taking place in deltas. 
The dense growth of reeds and herbage which, encompasses the 
margins of forest-covered swamps in the valley and delta of the 
Mississippi is such that the fluviatile waters, in passing through 
them, are filtered and made to clear themselves entirely before 
they reach the areas in which vegetable matter may accumulate 
for centuries, forming coal if the climate be favourable. There 
is no possibility of the least intermixture of earthy matter in 
such cases. Thus in the large submerged tract called the fi Sunk 
Country,’ near New Madrid, forming part of the western side 
of the valley of the Mississippi, erect trees have been standby 
ever since the year 1811-12, killed by the great earthquake* 
that date ; lacustrine and swamp plants have been 
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there in the shallows, and several rivers have annually inun- 
dated the whole space, and yet have been unable to carry in any 
sediment within the outer boundaries of the morass, so dense is 
the marginal belt of reeds and brushwood. It may be affirmed 
that generally in the ‘ cypress swamps ’ of the Mississippi no 
sediment mingles with the vegetable matter accumulated there 
from the decay of trees and semi-aquatic plants. As a singular 
proof of this fact, I may mention that whenever any part of a 
swamp in Louisiana is dried up, during an unusually hot season, 
and the wood set on fire, pits are burnt into the ground many 
feet deep, or as far down as the fire can descend, without 
meeting with water, and it is then found that scarcely any re- 
siduum or earthy matter is left. At the bottom of all these 
i cypress swamps ’ a bed of clay is found, with roots of the tall 
Cyprus (Taxodium distichinn), just as the underclays of the coal 
are filled with fiiigmarici. 

Conversion of bituminous coal into anthracite. — It appears 
from the researches of Liebig and other eminent chemists, that 
when wood and vegetable matter are buried in the earth exposed 
to moisture, and partially or entirely excluded from the air, they 
decompose slowly and evolve carbonic acid gas, thus parting 
with a portion of their original oxygen. By this means, they 
become gradually converted into lignite or wood-coal, which 
contains a larger proportion of hydrogen than wood does. A 
continuance of decomposition changes this lignite into common 
or bituminous coal, chiefly by the discharge of carburetted hy- 
drogen, or the gas by which we illuminate our streets and houses. 
According to Bischoff, the inflammable gases which are always 
escaping from mineral coal, and are so often the cause of fatal 
accidents in mines, always contain carbonic acid, carburetted 
hydrogen, nitrogen, and olefiant gas. The disengagement of all 
these gradually transforms ordinary or bituminous coal into 
anthracite, to which the various names of glance-coal, coke, 
hard-coal, culm, and many others, have been given. 

Thero is an intimate connection between the extent to which 
the coal has in different regions parted with its gaseous contents, 
and the amount of disturbance which the strata have undergone. 
The coincidence of these phenomena may be attributed partly 
to the greater facility afforded for the escape of volatile matter, 
when the fracturing of the rocks has produced an infinite num- 
ber of cracks and crevices. The gases and water which are 
made to penetrato these cracks are probably rendered the more 
effective as metamorphic agents by increased temperature de- 
rived from the interior. It is well known that, at the present 
period, thermal waters and hot vapours burst out from the 
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earth during earthquakes, and these would not fail to promote 
the disengagement of volatile matter from the carboniferous 
rocks. 

In Pennsylvania the strata of coal arc horizontal to the west- 
ward of the Alleghany Mountains, where the late Professor H. 
D. Rogers pointed out that they were most bituminous ; but as 
we travel south-eastward, where they no longer remain level and 
unbroken, the same seams become progressively debitumenised 
in proportion as the rocks become more bent and distorted. 
At first on the Ohio river the proportion of hydrogen, oxygen, 
and other volatile matters ranges from forty to fifty per cent. 
Eastward of this line, on the Monongahela, it still approaches 
forty per cent.., where the strata begin to experience some gentle 
flexures. On entering the Alleghany Mountains, where the 
distinct anticlinal axes begin to show themselves, but before the 
dislocations are considerable, the volatile matter is generally in 
the proportion of eighteen or twenty per cent. At length, when 
we arrive at some insulated coal-fields associated with the 
boldest flexures of the Appalachian chain, where the strata 
have been actually turned over, as near Pottsville, we find the 
coal to contain only from six per cent, of volatile matter, thus 
becoming a genuine anthracite. 

Clay-ironstone. — Bands and nodules of clay-ironstone aro 
common in the coal-measures, and are formed, says Sir II. De la 
Beche, of carbonate of iron mingled mechanically with earthy 
matter, like that constituting the shales. Mr. Robert Hunt, of 
the Museum of Practical Geology, instituted a series of experi- 
ments to illustrate the production of this substance, and found 
that decomposing vegetable matter, such as would be distributed 
through all coal strata, prevented the farther oxidation of the 
proto-salts of iron, and converted the peroxide into protoxide 
by taking a portion of its oxygen to form carbonic acid. Such 
carbonic acid, meeting with the protoxide of iron in solution, 
would unite with it and form a carbonate of iron ; and this 
mingling with fine mud, when the excess of carbonic acid was 
removed, might form beds or nodules of argillaceous iron- 
stone. 1 

Intercalated marine beds in coal-measures. — In the coal- 
fields both of Europe and America the association of fresh, 
brackish- water, and marine strata with coal-seams of terrestrial 
origin is frequently recognised. Thus, for example, a deposit 
near Shrewsbury, probably formed in brackish water, has been 
described by Sir It. Murchison as the jmungest member of tho 

1 Memoirs of Geol. Survey, vol. i. part i. pp. 51, 2 jo, &c. 
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coal-measures of that district, at the point where they are in 
contact with the overlying Permian group. It consists of shales 
and sandstones about 150 feet thick, with coal and traces of plants; 
including a bed of limestone varying from 2 to 9 feet in thick- 
ness, which is cellular, and resembles some lacustrine limestones 
of France and Germany. It has been traced for 30 miles in a 
straight line , and can he recognised at still more distant points. 
The characteristic fossils are a small bivalve , having the form 
of a Cjfdas or Cyrena , also a small entomostracan, Lcpcrditia in - 
flata (fig. 439), and the small shell of a minute tubercular annelid 


Fig. 438. Fig. 430, 



a. Aficroconc/tus ( Sjarorbis ) Lepcnlilia in Hal a. 

carbonari us, Mureli. Nat. size and magnified. 

Nut. size and magnified. Murchison. 

b. Variety o£ same*. 

of an extinct genus called Microco 1 1 chi is (fig. 438) allied to Spiro r- 
bis. In many coal-fields there are freshwater strata, some of 
which contain shells termed Anthracoaki , and Authracomya and 
referred to the family Unionidir. ; but in the midst of the coal 
series in Yorkshire there is one thin but very widely spread 
stratum, abounding in fishes and marine shells, such as Gonia- 

Fig. 440. Fig. 441. 




Gonia'ites Listen, Martin. Coal- A riculopecten papyraceus, Goldf. 

measures, Yorkshire and Lancashire. (Pecten pajryraceus, Sow.) « 

tites Lideri (fig. 440) Orthoceras , and Aviculopccten papyraceus , 
Goldf. (fig. 441). 

Xnseots in European coal. — Articulate animals of the genus 
Scorpion were found by Count Sternberg in 1835 in the coal- 
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measures of Bohemia, and about the same time in those of 
Coalbrook Dale by Mr. Prestwich, where also true insects such 
as beetles of the family Curculionidsr, a neuropterous insect of 
the genus Corydalis , and another related to the Phasmidx , have 
been found; 

From the coal of Wetting in Westphalia several specimens of 
the cockroach or Blatta family, and the wing of a cricket (Acri- 
dity), have been described by Germ nr. Profess or Goldenberg 
published, in 1854, descriptions of no less than twelve species 
of insects from the nodular clay-ironstone of Saarbriick, near 
Treves. 1 Among them are several Blatthuv, three species of 
Ncuroptcra , one beetle of the Smrabscus family, a grasshopper 
or locust, Gryllacris (see fig. 442), and several white ants or 


Fig. 44 ‘2. 



Wing of a Grasshopper. G/'pV-ncris Uthanthraca , Goldenberg. 
Coal, Saarbriick, near Treves. 


Termites. Professor Goldenberg showed me, in 1804, the wing 
of a white ant, found low down in the productive coal-measures 
of Saarbriick, in the interior of a flattened Lepidodendron. It 
is much larger than that of any known living species of the 
same genus. 

Carboniferous amphibia — liabyrinthodonts. — No verte- 
brated animals more highly organised than fishes were known 
to occur in rocks of higher antiipiity than the Permian until 
the year 1843, when the Apatcon pedcstris , Meyer, was dis- 
covered in the coal-measures of Munster- Appel in Rhenish 
Bavaria. 

Four years later, in 1847, Professor Yon Dechen found 
remains of other species of Amphibia in the Saarbriick coal- 
field above alluded to. These were described by the late Pro- 
fessor Goldfuss under the generic name of Arche gosaur us, but 
we owe our full and accurate, knowledge of their structure to the 
investigations of Yon Meyer. The annexed drawing shows the 
Bkull, thoracic plate, scapulae, vertebrie, and ribs of Archego- 

1 Pakeont. Dunker and V. Meyer, vol. iv. p. 17 
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8aurus Ifechem. Among the more remarkable features of Arche - 
yosav/rus are, firstly, the complete protection of the upper 

Pig. 443. 



A rchegosaurus minor, Coldfuss. Fossil reptile from tlie coal-measures, Saarbrlick. 


surface of the skull by bony plates, which fit accurately together 
at all stages of growth ; secondly, the thoracic shield, consisting 

of three bony plates, of which the 
two outer overlap the central one ; 
thirdly the ventral armour, com- 
posed of numerous imbricated bony 
scutes (fig. 444) disposed diagonally 
upon the under surface, between 
the fore and hind limbs. The 
teeth , resemble those of Mastodon- 
saurus (p. 359), but the folding of the dentinal wall is less com- 
plex. Unlike its nearest allies, A rchegosaurus retained through- 
out life imperfectly ossified or Notochordal vertebra). The 
total length of a large individual may have been about seven feet. 


Fig. 441. 


Imbricated covering of skin of 
Archegosavvus medium, Cfoldf. 
Magnified. 
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Some of the peculiarities of Archegosaurus suggest a com- 
parison with Crocodilia , but its true affinity is with the Amphibia. 
It may be included, together with the Triassic Labyrintho- 
don and some Carboniferous genera to be mentioned im- 


Fig. 445. 



Scale one-sixth the original. 


Slab of sandstone from the coal-measures of Pennsylvania, with footprints of 
air-breathing reptile and casts of cracks. 


mediately in the order Labyrinthodonta, a group co-ordinate 
with the recent orders, Batrachia (leaping Amphibia), Urodela 
(tailed Amphibia), and Gymnophiona (snake-liko Amphibia), and 
most nearly connected with the two latter. 
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Since the first discovery of Carboniferous Labyrinthodonts in 
Germany, many additional genera and species have been brought 
to light. There are now established, according to Mr. Miall, at 
least seventeen genera, most of which have occurred in the 
British Isles, particularly in the coal-fields of Edinburgh, 
Glasgow, Northumberland, Kilkenny, and Staffordshire. One 
example has been discovered in the Yoredale Rocks of North 
Yorkshire. 1 

Labyrintkodont footprints in A merican coal-measures . — In 1844, 
the very year when the Apateon, before mentioned, of the coal 
was first met with in the country between the Moselle and the 
Rhine, Dr. King published an account of the footprints of a 
large reptile discovered by him in North America. These occur 
in the coal-strata of Greensburg, in Westmoreland County, Penn- 
sylvania ; and I had an opportunity of examining them when 
in that country in 1840. The footmarks were first observed 
standing out in relief from the lower surface of slabs of sand- 
stone, resting on thin layers of fine unctuous clay. I brought 
away one of these masses, which is represented in the accompany- 
ing drawing (fig. 445). It displays rtogether with footprints, 
the casts of cracks (a, a') of various sizes. The origin of such 
cracks in clay, and casts of the same, has before been explained, 
and referred to the drying and shrinking of mud, and the sub- 
sequent pouring of sand into open crevices. It will be seen 
that some of the cracks, as at />, c, traverse the footprints, and 
produce distortion in them, as might have been expected, for 
the mud must have been soft when the animal walked over it 
and left the impressions ; whereas, when it afterwards dried up 
and shrank, it would be too hard to receive such indentations. 

We may assume that the reptile which left ‘these prints on 
the ancient sands of the coal-measures was an air-breather, be- 
cause its weight would not have been sufficient under water to 
have made impressions so deep and distinct. The same con- 
clusion is also borne out by the casts of the cracks above 
described, for they show that the clay had been exposed to the 
air and sun, so as to have dried and shrunk. 

Nova Scotia coal-measures. — The sedimentary strata in 
which thin Beams of coal occur, attain a thickness, as we have 
seen, of 18,000 feet in the north of England exclusive of the 
Mountain Limestone, and are estimated by Yon Dechen at over 
20,000 feet in Rhenish Prussia. But the finest example in the 
world of a natural exposure in a continuous section ten miles 
long, occurs in the sea-cliffs bordering a branch of the Bay of 
Fundy in Nova Scotia. These cliffs, called the 4 South Joggins/ 

1 L. C. Miall, Report on Labyrintbodonta, Brit. Assoc. Bradford, 1673. 
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which I first examined in 1842, and afterwards with Dr. Dawson 
in 1845, have lately been admirably described by the last- 
mentioned geologist 1 in detail, and his evidence is most valu- 
able as showing how large a portion of this dense mass was 
formed on land, or in swamps where terrestrial vegetation 
flourished, or in freshwater lagoons. His computation of the 
thickness of the whole series of carboniferous strata as exceed- 
ing three miles, agrees with the measurement made inde- 
pendently by Sir William Logan in his survey of this coast. 

There is no reason to believe that in this vast succession of 
strata, comprising some marine as well as many freshwater and 
terrestrial formations, there is any repetition of the same beds. 
There are no faults to mislead the geologist, and cause him to 
count the same beds over more than once, while some of the 
same plants have been traced from the top to the bottom of the 
whole series, and are distinct from the flora of the antecedent 
Devonian formation of Canada. Eighty-one seams of coal, 
varying in thickness from an inch to about five feet, have been 
discovered, and no less than seventy-one of these have been 
actually exposed in the sea-cliffs. 

In the annexed section (fig. 440), which I examined in 1842, 
Fig. 4 JO. 

Coal with upright trees. Sandstone 

d e .f y A 


Section of the cliffs of the South Juggins, near Miami io, Nova Scotia, 
c. Grindstone. 0, g. Alternations of sandstone, shale, and coal containing 
upright trees. Portion of cliff, given on a larger scale in fig. 447. 

f. 4-foot coal, main seam. h, i. Shale with freshwater mussels, sec p. 431. 

the beds from c to i are seen all dipping the same way, their 
average inclination being at an angle of 24° S.S.W. The 
vertical height of the cliffs is from 150 to 200 feet ; and between 
d and </— in which space I observed seventeen trees in .an up- 
right position, or, to speak more correctly, at right angles to the 
planes of stratification, — I counted nineteen seams of coal, 
varying in thickness from 2 inches to 4 feet. At low tide a fine 
horizontal section of the same beds is exposed to view on the 
beach, which at low tide extends sometimes 200 yards from the 
base of the cliff. The thickness of the beds alluded to, between 
d and <j, is about 2,500 feet, the erect trees consisting chiefly of 
/large Sigillarise, occurring at ten distinct levels, one above the 
other. The usual height of the buried trees seen by me was 
from 6 to 8 feet ; but one trunk was about 25 feet high and 
4 feet in diameter, with a considerable bulge at the base. In 
1 Acadian Geology, 2nd edit. 1 8(>8. 
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no instance could I detect any trunk intersecting a layer of coal, 
however thin ; and most of the trees terminated downwards in 
seams of coal. Some few only were based on clay and shale ; 
none of them, except Catamites , on sandstone. The erect trees 
therefore, appeared in general to have grown on beds of vege- 
table matter. In the underclays Stigmaria abounds. 

These root-bearing beds have been found under all the coal- 
seams, and such old soils are at present the most destructible 
masses in the whole cliff, the sandstones and laminated shales 
being harder and more capable of resisting the action of the 
waves and the weather. Originally the reverse was doubtless 
true, for in the existing delta of the Mississippi those clays in 
which the innumerable roots of the deciduous cypress and other 
swamp trees ramify in all directions are seen to withstand far 
more effectually the undermining power of the river, or of the 
sea at the base of the delta, than do beds of loose sand or layers 
of mud not supporting trees. It is obvious that if this sand or 
mud be afterwards consolidated and turned to sandstone and 
hard shale, it would be the least destructible. 

In regard to the plants, they belong to the same genera, 
and most of them to the same species, as those met with in the 
distant coal-fields of Europe. Dr. Dawson has enumerated 
more than 150 species , tuo-thirds of which are European, a 
greater agreement than can be said to exist between the same 
Nova Scotia flora and that of the coal-fields of the United 
States. Jiy referring to the section, fig. 44(i, the position of 
the four-foot coal will be perceived, and in fig. 447 (a section 
made by me in 1842 of a small portion) that from c to f of the 
same cliff' is exhibited, in order to show the manner of occur- 


Fig. 417. 



Erect fossil trees. Coal-measures, Nova Scotia. 


rence of erect fossil trees at right angles to the planes of the 
inclined strata. 
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In the sandstone, which filled their interiors, I frequently- 
observed fern-leaves, and sometimes fragments of fitigmaria, 
which had evidently entered together with sediment after the 
trunk had decayed and become hollow, and while it was still 
standing under water. Thus the tree, a , fig. 447, represented 
in the bed e in the section, fig. 446, is a hollow trunk 5 feet 
8 inches in length, traversing several strata, and cut off at the 
top by a layer of clay 2 feet thick, on which rests a seam of 
coal (b, fig. 447) 1 foot thick. On this coal again stood two 
large trees (c and d), while at a greater height the trees / and g 
rest upon a thin seam of coal (c), and above them is an under- 
clay, supporting the 4-foot coal. 

Occasionally the layers of matter in the inside of the tree are 
more numerous than those without ; but it is more common in 
the coal-measures of all countries to find a cylinder of pure 
sandstone — the cast of the interior of a tree — intersecting a 
great many alternating beds of shale and sandstone, which 
originally enveloped the trunk as it stood erect in the water. 
Such a want of correspondence in the materials outside and 
inside, is just what we might expect if we reflect on the difference 
of time at which the deposition of sediment will take place in 
tho two cases ; the embedding of the tree having gone on for 
many years before its decay had made much progress. In 
many places distinct proof is seen that the enveloping strata 
took years to accumulate, for some of the sandstones surround- 
ing erect sigillarian trunks support at different levels roots and 
stems of Catamites ; the Catamites having begun to grow after 
the older Sujiltarix had been partially buried. 

The general absence of structure in the interior of the largo 
fossil trees of the Coal implies the very durable nature of their 
bark, as compared with their woody portion. The same dif- 
ference of durability of bark and wood exists in modem trees, 
and was first pointed out to me by Dr. Dawson, in the forests 
of Nova Scotia, where the Canoe Birch ( Betnla papyracca) has 
such tough bark that it may sometimes be seen in the swamps 
looking externally sound and fresh, although consisting sinrply 
of a hollow cylinder with all the wood decayed and gone. 
When portions of such trunks have become submerged in the 
swamps they are sometimes found filled with mud. One of the 
erect fossil trees of the South Joggins 15 feet in height, occurring 
at a higher level than the main coal, has been shown by Dr. 
Dawson to have a coniferous structure, so that some Cov if era’ of 
the Coal period grew in the same swamps as &ig Maria*, just 
as now the deciduous Cypress ( Taxodium distichnm) abounds 
in the marshes of Louisiana even to the edge of the sea. 
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When the carboniferous forests sank below high-water mark, 
a species of Sjnrorhis or Scrpnla (fig. 438, p. 39G), attached itself 
to the outside of the stunts and stems of the erect trees, 
adhering occasionally even to the interior of the bark — another 
proof that the process of envelopment was very gradual. These 
hollow upright trees, covered witli innumerable marine annelids, 
reminded me of a ‘ cane-brake,’ as it is commonly called, con- 
sisting of tall reeds, A ruudinaria macroxper uia, which I saw in 
384G, at the Balize, or extremity of the delta of the Mississippi. 
Although these reeds are freshwater plants, they were covered 
with barnacles, having been killed by an incursion of salt water 
over an extent of many acres, where the sea had for a season 
usurped a space previously gained from it by the river. Yet 
the dead reeds, in spite of this change, remained standing in 
the soft mud, enabling us to conceive how easily the larger 
Siyillaria 1 , hollow as they were but supported by strong roots, 
may have resisted an incursion of the sea. 

The high tides of the Bay of Fundy, rising more than GO feet, 
are so destructive as to undermine and sweep away continually 
the whole face of the cliffs, and thus a new crop of erect fossil 
trees is brought into view every three or four years. They are 
known to extend over a space between two or three miles from 
north to south, and more than twice that distance from east to 
west, being seen in the banks of streams intersecting the coal- 
field. 

Structure of coal. — The bituminous coal of Nova Scotia is 
similar in composition and structure to that of Great Britain, 
being chiefly derived from Sigillaroid trees mixed with leaves 
of ferns and of a Lycopodiaceous tree called Cordaites ( Noexf - 
fferathia , Ac., for genus see fig. 435, p. 383), supposed by 
Dawson to have been deciduous, and which had broad parallel 
veined leaves without a mid -rib. On the surface of the seams 
of coal are large quantities of mineral charcoal, which doubtless 
consist, as Dr. Dawson suggests, of fragments of wood which 
decayed in the open air, as would naturally be expected in 
swamps where so many erect trees were preserved. Beds of 
cannel-coal display, says Dr. Dawson, such a microscopical 
structure and chemical composition as shows them to have been 
of the nature of fine vegetable mud such as accumulates in the 
shallow' ponds of modem swamps. It appears that in these 
cannel-coals the spore-cases of Lepidodendra are often more 
abundant than in the ordinary coal. Professor Huxley has 
ascertained that in the Better-Bed coal of Lowmoor (see A B, 
fig. 448) the spores and sporangia constitute a very large mass 
of the deposit, and this is also the case with the recent 4 White 
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Coal * of Australia (C, fig. 448). 1 Professor Morris in 1836 
affirmed that these bodies were the spore-cases of a plant allied 

Pig. 448. 



A. ‘ Seder lied ’ Coni, from a portion unusnally full of Sporangia, which aro 

here shown in transverse section. 

B. Same coal, section parallel with bedding ; showing Sporangia, e, and 

spores,/: the latter (which are here represented somewhat too large) 
appear as bright rings enclosing a dark spot. 

C. Australian 4 White Coal,’ showing Sporangia in transverse section. 

1). External view of Sporangia separated from the ‘White Coal.’ 

All these figures are enlarged about 1(» diameters. 

The Ixxlies here called Sporangia are by sonic persons considered to be Macro- 
spores ; and those called Spores, to be Microspores. 

to the living club-mosses, and Mr. Carrutlicrs a few years ago 
confirmed this opinion by finding the discoidal sacs adhering to 
the leaves of the fossilised cone which produced them. He 
named the plant Firming item gracilis because Professor Fleming 
had previously pointed out similar bodies in the coal of Scot- 
land. Professor Huxley is inclined to believe that the English 
coal is largely composed of these bodies, but Principal Dawson, 
who has made a careful examination of the 81 coal-seams in 
Nova Scotia both in situ and in specimens under the microscope, 
states that 4 he could only recognise the bodies called by him 
Sporangites in sixteen seams, and of these only four had the 
rounded Lycopodiaccous spore-cases similar to those of Flemin- 
gites.* He maintains, therefore, that Sporangite beds are 
exceptional among coals, and that cortical and woody matters 
are the most abundant ingredients in all the ordinary kinds, 
and he does not think that the coals of England are likely to 
prove an exception. 1 2 The underclays are loamy soils, wliich 

1 Huxley, Contemporary Review, 2 Dawson, Sporecases in Coal, 

1870; and Critiques and Addresses, Silli mau’s Journ. of {Science, 1871, 
p. 92. p. 201 . 
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must have been sufficiently above water to admit of drainage, 
and the absence of sulphurates, and the occurrence of carbonate 
of iron in them, prove that when they existed as soils, rain- 
water, and not sea-water percolated them. With the exception, 
perhaps, of Asterophyllites (see fig. 4G9, p. 418), there is a 
remarkable absence from the coal-measures of any form of 
vegetation properly aquatic, the true coal being a sub-aerial 
accumulation in soil that was wet and swampy but not perma- 
nently submerged. 

Air-breatliers of the coal. — If we have rightly interpreted 
the evidence of the former existence at moro than eighty 
different levels of forests of trees, some of them of vast extent, 
and which lasted for ages, giving rise to a great accumulation 
of vegetable matter, it is natural to ask whether there were not 
many air-breathing inhabitants of these same regions. As yet 
no remains of mammalia or birds have been found, a negative 
character common at present to all the Palaeozoic formations, 
but in 1852 the osseous remains of an amphibian, the first ever 
met with in the Carboniferous strata of the American continent, 
were found by Dr. Dawson and myself. We detected them in 
the interior of one of the erect Rigillarim before alluded to as of 
such frequent occurrence in Nova Scotia. The tree was about 
2 feet in diameter, and consisted of an external cylinder of 
bark, converted into coal, and an internal stony axis of black 
sandstone, or rather mud and sand stained black by carbon- 
aceous matter, and cemented together with fragments of wood 
into a rock. These fragments were in the state of charcoal, 
and seem to have fallen to the bottom of the hollow' tree while 
it was rotting aw r ay. The skull, jaws, and vertebrae of an 
amphibian, probably about 2J feet in length (Dendrerpetou 
Acadianum , Owen), were scattered through this stony matrix. 
The shell, also, of a Pupa (see fig. 450, p. 408), the first land- 
shell ever met with in the coal, or in beds older than the 
tertiary, was observed in the same stony mass. Dr. Wyman of 
Boston pronounced the reptile to be allied in structure to 
Monobranchus and Menopomci , species of amphibians now 
inhabiting the North American rivers. The same view was 
afterwards confirmed by Professor Owen, who also pointed out 
the resemblance of the cranial plates to those seen in the skull 
of Archegosanrns and Labyriutlwdon d Whether the creature 
had crej)t into the hollow tree while its top was still open to \ 
the air, or whether it was washed in with mud during a flood, 
or in whatever other manner it entered, must be matter of 
conjecture. 


1 Geol. Quart. Journ., vol. ix. p. 58. 
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Footprints of two reptiles of different sizes had previously 
been observed by Dr. Harding and Dr. Gesner on ripple-marked 
flags of the lower coal-measures in Nova Scotia (No. 2, fig. 455, 
p. 411), evidently made by quadrupeds walking on the ancient 
beach, or out of the water, just as the recent Menopoma is 
sometimes observed to do. 

The remains of a second and smaller species of Dendrerpeton, 
D. Oweni, were also found accompanying the larger one, and 
still retaining some of its dermal appendages ; and in the same 
tree wero the bones of a third small lizard-like reptile, ITylimo- 
mua Lyelli , 7 inches long, witli stout hind limbs, and fore limbs 
comparatively slender, supposed by Dr. Dawson to be capable 
of walking and running on land. 1 

In a second specimen of an erect stump of a hollow tree 15 
inches in diameter, the ribbed bark of which showed that it was 
a Sigillaria, and which belonged to the same forest as the speci- 
men examined by us in 1852, Dr. Dawson obtained not only 
fifty specimens of Pupa vctusta (fig. 450), and nine skeletons of 
reptiles belonging to four species, but also several examples of 
an articulated animal resembling the recent centipede or gally- 
worm, a creature which feeds on decayed vegetable matter (see 
fig. 440). Under the microscope, the head, with the eyes, man- 


Fig. 'll!*. 

6 



Xylobius Sigillarkc, Dawson. Coal, Nova Scotia and Croat Britain. 
a. Natural size. b. Anterior part, magnified, c. Caudal extremity, magnified. 


dible, and labrum are well seen. It is interesting, as being the 
earliest known representative of the myriapods, none of which 
had previously been met with in rocks older than the oolite or 
lithographic slate of Germany. 

Some years after the discovery of the first Pupa, Dr. Dawson, 
carefully examining the same great section containing so many 
buried forests in the cliffs of Nova Scotia, discovered another 
bed, separated from the tree containing Dendrerpeton by a 
is of strata more than 1,200 feet thick. As there were 21 
seams of coal in this intervening mass, the length of time com- 
prised in the interval is not to be measured by the mere thick- 
ness of the sandstones and shales. This lower bed is an under- 

1 Dawson, Air-Breathers of the Coal in Nova Scotia. Montreal, 1863. 
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clay 7 feet thick, with stigmarian rootlets, and the small land- 
shells occurring in it are in all stages of growth. They are 
chiefly confined to a layer about 2 inches thick, and are unmixed 
with any aquatic shells. They were all originally entire when 
imbedded, but are most of them now crushed, flattened, and 
distorted by pressure ; they must have been accumulated, says 
Dr. Dawson, in mud deposited in a pond or creek. 

The surface striae of Pupa vetusta , when magnified 50 
meters, present exactly the same appearance as a portion cor- 
responding in size of the common English Pupa jnniperi , and 
the internal hexagonal cells, magnified 500 diameters, show the 
internal structure of the fossil and recent Pupa to be identical. 
In 1866 1 Dr. Dawson discovered in this lower bed, so full of 
the Pupa, another land-shell of the genus Helix (sub-genus 
Zonites) (see fig. 451). 


Fig. 430. 



Pupa Vetusta , Dawson. Zonites (Con ulus) prisons, Carpenter. 

a. "Natural size. b. Magnified. 

None of the reptiles obtained from the coal-measures of the 
South Joggins are of a higher grade than the labyrinthodonts, 
but some were of very great size, two caudal vertebrae found by 
Mr. Marsh in 1862 measuring two and a half inches in diameter, 
and implying a gigantic aquatic amphibian with a powerful 
swimming tail. 

Except some obscure traces of an insect found by Dr. Dawson 
in a coprolite of a terrestrial reptile occurring in a fossil tree, 
no specimen of this class has been brought to light in th&^ 
Joggins. But Mr. James Barnes found in a bed of shale at 
Little Glace Bay, Cape Breton, the wing of an Ephemera, 
which must have measured 7 inches from tip to tip of the 

1 Dawson, Acadian Geology, 1868, p. 385. 
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expanded wings, larger than any known living insect of the 
Neuropterous family. 

That we should have made so little progress in obtaining a 
knowledge of the terrestrial fauna of the Coal is certainly a 
mystery ; but we have no reason to wonder at the extreme rarity 
of insects, seeing how few are known in the carboniferous rocks 
of Europe, worked for centuries before America was discovered, 
and now quarried on so enormous a scale. These European 
rocks have not yet produced a single land-shell, in spite of the 
millions of tons of coal annually extracted, and the many hun- 
dreds of soils replete with the fossil roots of trees and the erect 
trunks and stumps preserved in the position in which they grew. 
In many large coal-fields we continue as much in the dark re- 
specting the invertebrate air-breathers then living as if the coal 
had been thrown down in mid ocean. The early date of the 
Carboniferous strata cannot explain the enigma, because we 
know that while the land supported a luxuriant vegetation, the 
contemporaneous seas swarmed with life — with Articulata, Mol- 
lusca, Radiata, and Fishes. The perplexity in which we .are 
involved when we attempt to solve this problem may bo owing 
partly to our want of diligence as collectors, but still more per- 
haps to ignorance of the laws which govern the fossilisation of 
land-animals, whether of high or low degreo. 

Carboniferous rain-prints. — At various levels in the coal 


Fig. 452. Fig. 453. 



Fig. 452. Carboniferous rain-prints with worm-tracks (a, 0 ) on green shale, from 
/ Cape Breton, Nova Scotia. Natural size. 

Fig. 453. Casts of rain-prints on a portion of the same slab (Fig. 452), seen to project 
on the under side of an incumbent layer of arenaceous Bhale. Natural size. 

The arrow represents the supposed direction of the shower. 

measures of Nova Scotia rippled-marked sandstones, and shale* 

T 
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with rain-prints, were seen by Dr. Dawson and myself, but 
still more perfect impressions of rain were discovered by 
Mr. Brown near Sydney in the adjoining island of Cape Breton. 
They consist of very delicate markings on greenish slates, 
accompanied by worm-tracks (a, b, fig. 452) such as are often 
seen between high and low water mark on the recent mud of the 
Bay of Fnndy. 

The great humidity of the climate of the Coal period had 
been previously inferred from the number of its ferns and the 
continuity of its forests for hundreds of miles ; but it is satis- 
factory to have at length obtained such positive proofs of 
showers of rain, the drops of which resembled in their average 
size those which now fall from the clouds. From such data we 
may presume that the atmosphere of the Carboniferous period 
corresponded in density with that now investing the globe, 
and that different currents of air varied then as now in tem- 
perature, so as to give rise, by their mixture, to the condensa- 
tion of aqueous vapour. 

Folding: and denudation of the beds indicated by the 
ZTova Scotia coal-strata. — The series of events which are 
indicated by the great section of the coal-strata in Nova Scotia 
consist of a gradual and long-continued subsidence of a tract 
which throughout most of the period was in the state of a delta, 
though occasionally submerged beneath a sea of moderate depth. 
Deposits of mud and sand were first carried down into a shallow 
sea on the low shores of which the foot-prints of reptiles were 
Fig. 4 r>i. sometimes increased (see above, p. 400). 

Though no regular seams of coal were 
formed, the characteristic imbedded coal- 
plants are of the genera Oyclopteris and 
Aletlioptcris , agreeing with species occur- 
ring at much higer levels, and distinct 
from those of the antecedent Devonian 
group. The Lcpidodendron comigatum 
(see fig. 454), a plant predominating in 
the Lower Carboniferous group of Europe, . 
is also conspicuous in these shallow- water 
beds, together with many fishes and ento- 
Lower Carboniferous, New mostracans. A more rapid rate of subsi- 
BrnnsAvick. donee sometimes converted part of the 

sea into deep clear water, in which there was a growth of cora 1 
which was afterwards turned into crystalline limestone, and - 
parts of it, apparently by the action of sulphuric acid, into 
gypsum. In spite of continued sinking, amounting to several 
thousand feet, the sea might in time liave been rendered shallow 
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by the growth of coral, had not its conversion into land or 
swampy ground been accelerated by the pouring in of Sand and 
the advance of the delta accompanied with such fluviatile and 
brackish- water formations as are common in lagoons. 

The amount to which the bed of the sea sank down in order 
to allow of the formation of so vast a thickness of rock of sedi- 
mentary and organic origin is expressed by the total thickness 
of the Carboniferous strata, including the coal-measures, No. 1, 
and the rocks which underlie them, No. 2, fig. 455. 


Fig. 455. 



Diagram showing llic cur vatnro nnd supposol denudation of the Carboniferous 
strata iu Nova Scotia. 

A. Anticlinal axis of Minudic. B. Synclinal of Shoulie Itivor, 

1. Coal-measures. 2. Lower Carboniferous. 

After the strata No. 2 had been elaborated, the conditions 
proper to a great delta exclusively prevailed, the subsidence 
still continuing so that one forest after another grew and was 
submerged until tlieir underclays with roots, and usually seams 
of coal, were left at more than eighty distinct levels. Here and 
there also deposits bearing testimony to the existence of fresh 
or brackish- water lagoons, filled with calcareo-bituminous mud, 
were formed. In theso beds (h and i, fig. 445, p. 401) are 
found freshwater bivalves or mussels allied to Anodon, though 
not identical with that or any living genus, and called Naiaditea 
carbonarins by Dawson. They arc associated with small ento- 
mostracous crustaceans of the genus Cythore, and scales of 
small fishes. Occasionally some of the calamite brakes and 
forests of Sigillarhe and Conifenc were exposed in tlie flood 
season, or sometimes, perhaps by slight elevatory movements, 
to the denuding action of the river or the sea. 

In order to interjiret the great coast section exposed to view 
on the shores of the Bay of Fundy (fig. 455), tlie student must 
in the first* place understand that the newest or last-mentioned 
coal formations would have been the only ones known to us (for 
they would have covered all tho others), had there not been 
two great movements in opposite directions, the first consisting 
of a general sinking of three miles, which took place during tho 
Carboniferous period, and the second, an upheaval of more 
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limited horizontal extent, by which the anticlinal axis a was 
formed. That the first great change of level was one of sub- 
sidence is proved by the fact that there are shallow-water 
deposits at the base of the Carboniferous series, or in the lowest 
beds of No. 2. 

Subsequent movements produced in the Nova Scotia and 
the adjoining New Brunswick coal-fields the usual anticlinal 
and synclinal flexures. In order to follow these we must 
survey the country for about thirty miles round the South 
Joggins, or the region where the erect trees described in the 
foregoing pages are seen. As we pass along the cliffs for miles 
in a southerly direction, the beds containing these fossil trees, 
which were mentioned as dipping about 18° south, are less and 
less inclined until they become nearly horizontal in the valley 
of a small river called the Shoulie, as ascertained by Dr. 
Dawson. After passing this synclinal line the beds begin to 
dip in an opposite or north-easterly direction, acquiring a steep 
dip where they rest unconforinably on the edges of the Upper 
Silurian strata of the Cobequid Hills, as shown in fig. 455. But 
if we travel northwards towards Minudie from the region of the 
coal-seams and buried forests, we find the dip of the coal-strata 
increasing from an angle of 18° to one of more than 40°, lower 
beds being continually exposed to view till we reach the anti- 
clinal axis a and see the lower Carboniferous formation No. 2, 
at the surface. The rocks removed by denudation are ex- 
pressed by the faint lines at a ; and thus the student will see 
that, according to the principles laid down in the seventh 
chapter, we are enabled, by the joint operations of upheaval and 
denudation, to look, as it were, about three miles into the 
interior of the earth without passing beyond the limits of a 
single formation. 
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CHAPTER XXIV. 

FLORA AND FAUNA OF THE CARBONIFEROUS PERIOD. 

Vegetation of the Coal period — Ferns, Lycopodiacece, Equisetaceoc, Sigil- 
lariae, Stigmariaa, Coniferos — Monocotyledon of the coal-measures — Climate 
of the Coal period — Mountain Limestone — Marine Fauna of the Carbo- 
niferous Period — Corals — Folyzoa, Crinoidea — Mollusca — Great number of 
fossil fish — Foraminifera, 

Vegetation of the Coal period. — In the last chapter we 
have seen that the seams of coal, whether bituminous or 
anthracitic, are derived from the same species of plants, and 
Goppert has ascertained that the remains of every family of 
plants scattered through the shales and sandstones of the coal- 
measures are sometimes met with in the pure coal itself — a fact 
which adds greatly to the geological interest of this flora. 

The Coal period was called by Adolphe Brongniart the age of 
Acrogens, 1 so great appears to have been the numerical pre- 
ponderance of flowerless or cryptogamic plants of the families of 
ferns, club-mosses, and horse-tails. He reckoned the known 
species in 1849 at 500, and the number has been largely increased 
by recent search in spite of reductions owing to the discovery 
that different parts of even the same plants had been taken for 
distinct species. Notwithstanding these changes, Brongniart’s 
generalisation concerning this flora still holds true, namely, that 
the state of the vegetable world was then extremely different 
from that now prevailing, not only because the cryptogamous 
plants constituted nearly the whole flora, but also because they 
were on the whole more highly developed than any belonging 
to the same class now existing, and united- some forms of 
structure now only found separately and in distinct orders. The 
only phmnogamous plants which constitute any feature in the 
coal are the coniferae ; monocotyledons appear to have been very 
rare, and angiospermous dicotyledons, with one or two doubtful 
exceptions, were wanting. For this we are in some measure 
prepared by what we have seen of the Secondary or Mesozoic 
floras if, consistently with the belief in the theory of ev'dution, 
we expect to find the prevalence of simpler and less specialised 
organisms in older rocks. 

Ferns. — We are struck at the first glance with the similarity 


1 For botanical nomenclature, sec p. 2b 7. 
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of the ferns to those now living. In the fossil genus Pecopteris , 
for example (fig. 45G), it is not easy to decide whether the fossils 


Fig. 406. Fig. 407. 



Pi copter is ellipUca, Buubury. 1 Frostbnrg. Caulopteris pt'imcvva, Lindley. 


might not be referred to the same genera as those established for 
living ferns ; whereas, in regard to some of the other contem- 
porary families of plants, with the exception of the fir-tribe, it is 
not easy to guess even the class to which they belong. The 
ferns of the Carboniferous period are generally without organs 
of fructification, but in the few instances in which these do 
occur in a fit state for microscopical investigations they agree 
with those of the living ferns. 

When collecting fossil specimens from the coal-measures of 
Frostburg in Maryland, I found in the iron-sliales several species 
with well-preserved rounded spots or marks of the sori (see fig. 
456). In the general absence of such characters they have been 
divided into genera, distinguished chiefly by the branching of 
the fronds and the way in which the veins of the leaves are 
disposed. The larger portion are supposed to have been of the 
size of ordinary European ferns, but some were decidedly arbo- 
rescent, especially the group called Caulopteris (see fig. 457) by 
Lindley, and the Psaronius of the upper or newest coal-measures, 
before alluded to (p. 384). All the recent tree-ferns belong to 
one tribe ( Polypodiacciv ), and to a small number only of genera 
in that tribe, in which the surface of the trunk is marked 

1 Sir C. Bunbury, Geol. Quart. Journ., vol. ii. 1845. 
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with scars, or cicatrices, left after the fall of the fronds. These 
scars resemble those of Caulopteris. 

No less than 130 species of ferns are enumerated as having 
been obtained from the British coal-strata, and this number is 
more than doubled if wo include the Continental and American 


Fig. i50. 



Living tree-ferns of different genera. (Ad. Brong.) 

I’ig. B r >X. Tree-fern from Tslo of Bourbon. 

4T>U. Cj/atUea f/ltinra, Mauritius. 

46'0. Tree-fern from Brazil. 

sjiecies. Even if we make some reductionr oil the ground of 
varieties which have been mistaken, in the absence of their 
fructification, for species, still the result is singular, because 
the whole of Europe affords at present no more than sixty-seven 
indigenous species. 

Xiycopodlaceae. — Lcpidodcndron. — About forty species of 
fossil plants of the Coal have been referred to this genus, more 
than half of which are found in the British coal-measures. 
They consist of cylindrical stems or trunks, covered with leaf- 
scars. In their mode of branching, they are always dichotomous 
(see fig, 462). They belong to the Lycopodiacav, bearing spo- 
rangia and spores similar to those of the living representatives 
of this family (fig. 465) ; and although most of the Carboniferous 
species grew to the size of large trees, Mr. Carruthers has found 
by careful measurement that the volume of the fossil spores did 
not exceed that of the recent club-moss — a fact of some geolo- 
gical importance, as it may help to explain the facility with 
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which these seeds may have been transported by the wind, 
causing the same wide distribution of the species of the fossil 
forests in Europe and America which we now observe in the 


Fig. 461. Fig. 462. 



Lepidodendron Sternbergii. Coal-measures, near Newcastle. 

Fig. 4C1. Branching trunk, 49 feet long, supposed to have belonged to L. Stembergii. 
(Foss. Flo. 209.) 

402. Branching stem with bark and leaflets of L. stembergii. (Foss. Flo. 4.) 
409. Portion of same nearer the root. Natural size. (Ibid.) 

geographical distribution of so many living families of crypto- 
gamous plants. The tigs. 4G1-4G3 represent a fossil Lepido- 
dendron , 49 feet long, found in Jarrow Colliery, near New- 

Fig. 464. 



a. Lycopodium deu&um. Living specie*. New Zealand. 

b. Branch ; natural size. c. Part of same, magnified. 


castle, lying in shale parallel to the planes of stratification. 
Fragments of others, found in the same shale, indicate, by the 
size of the rhomboidal scars which cover them, a still greater 
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magnitude. The living cmb-moBses, of which there are about 
200 species, are most abundant in tropical climates. They 


usually creep on the ground, 
but some stand erect, as the 
Lycopodium densum from New 
Zealand (fig. 464), which at- 
tains a height of three feet. 

In the Carboniferous strata 
of Coalbrook Dale, and in many 
other coal-fields, elongated cy- 
lindrical bodies, called fossil 
cones, and named Lepidostrobus 
by M. Adolphe Brongniart, are 
met with (see fig. 465). They 
often form the nucleus of con- 
cretionary balls of clay-iron- 
stone, and are well preserved, 
•exhibiting a conical axis, around 
which a great quantity of scales 
Were compactly imbricated. The 
-opinion of M. Brongniart, that 
the Lepidostrobus is the fruit of 
Lepidodcndrou has been con- 
firmed, for these strobili or 


Fig. 465. 



Lepulostrobus ornatus , Brong. (Stro- 
bilus or cone), Shropshire ; \ nat. 
size. 

b. Portion of a section showing the 
large sporangia in their natural 
position. 

c. Microspores occurring in these spo- 

rangia, highly magnified. 1 


fruits have been found terminating the tips of branches of well- 


characterised Lepidodendra in Coalbrook Dale and elsewhere. 


Equlaetaceee. — To this family belong two fossil genera of the 


Fig. 467. 
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coal, Equisetites and Catamites. The Calamites were evidently 
closely related to the modem horse-tails (Equiseta), differing 
in their great size, the want of sheaths at the joints, and some 
details of fructification, and especially in the more complex 
and highly-organised structure of the woody zone resembling in 
appearance the structure of exogenous plants. They grew in 
dense brakes on sandy and muddy flats in the manner of modem 
Equisetacea;, and their remains are frequent in the coal. Seven 
species of this plant occur in tlio great Nova Scotia section be- 
fore described, where the stems of somo of them five inches 
in diameter, and sometimes eight feet high, may be seen 
terminating downwards in a tapering root. Fig. 468 repre- 




Radical termination of a 
Catamite. Nova Scotia. 


Asterophyllites foliosus. (Foss. Flo. 25.) 
Coal-measures, Newcastle. 


sents an inorganic cast of the internal cavity of a Calamite 
stem, the ridges and furrows being impressions of the inner 
surface of the woody zone. The little tubercles seen near 
the articulations appear to be the scars of broken bundles of 
vessels. 

Botanists are not yet agreed whether the Asterophyllites (see 
fig. 469) was the foliage of Calamites or not. Professor 
Williamson, from the microscopical examination of the internal 
structure of many w r ell-preserved specimens, has come to the 
conclusion that the Asterophyllites did not belong even to the 
same natural order with the Calamites, but formed a distinct 
group, likewise Cryptogamous, but more nearly related to the 
Lycopodiums than to the Equisetums. Dr. Dawson inclines Jbo 
the same view from the presence of a mid-rib in the leaves of 
Asterophyllites, which is wanting in_the leaves known to belong 
to some Calamites. Professor Schimper and Mr. Carruthers, 
however, consider that Asterophyllites is the foliage of the Cala- 
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mite, and the latter even contends that he has found the leaves 
attached to a Calamite stem. 

Figs. 470 and 471 represent loaves of Annular la and 

Fig. 470. Fig. 471. 


Annularia sphenopltylloides, Zenker. XphenopfiyUum erosum , Lindley 

and Jlutlon. 

Sphenophylhim, common in the coal, and believed by Mr. 
Carruthers to be leaves of Calami t oh. There is still a difference ‘ 
of opinion as to whether these forms are or are not closely • 
allied to Asterophyllites. Dr. Williamson, who has carefully . 
studied the Oalamites, thinks that they had a fistular pith, 
exogenous woody stem, and tliick smooth bark, which last 
having always disappeared, leaves a fluted stem as represented 
in fig. 467. 

Sigillaria. — A large portion of the trees of the Carboniferous 
period belonged to this genus, of which as many as twenty- 
eight species are enumerated as 
British. The structure, both in- 
ternal and external, was very pe- 
culiar, and, with reference to exist- 
ing types, very anomalous. Thej r 
were formerly referred, by M. Ad. 

Brongniart, to ferns, which they 
resemble in the scalariform texture 
of their vessels, and in some degree 
in the form of the cicatrices left 
by the base of the leaf-stalks which 
have fallen off (see fig. 472). But 
some of,tliem are ascertained to have 
had long linear leaves, quite unlike 
those of ferns. They grew to a 
great height, from 30 to GO, or 
even 70 feet, with regular cylindri- 
cal stems, and without branches, 
although some specios were dicho- 
tomous towards the top. Their fluted trunks, from one to 
five feet in diameter, appear to have decayed more rapidly in 


Fig. 47L>. 



jSiffillaria hvvigata, Brong. 
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the interior than externally, bo that they became hollow when 
standing ; and when thrown prostrate, they were squeezed 
down and flattened. Hence, we find the bark of the two 
opposite sides (now converted into bright shining coal) con- 
stitute two horizontal layers, one upon the other, half an inch, 
or an inch, in their united thickness. These same trunks, when 
they are placed obliquely or vertically to the planes of stratifi- 
cation, retain their original rounded form, and are uncompressed, 
the cylinder of bark having been filled with sand, which now 
affords a cast of the interior. 

Dr. Hooker inclined to the belief that the SUj diarize may have 
been cryptogamous, though more highly developed than any. 
flowerless plants now living. Dr. Dawson having found in some 

species what he regards as medullary rays, thinks with Brong- 
niart that they have some relation to gymnogens, while Mi*. 
Carruthers leans to the opinion that they belong to the Lyco- 
podiacese. 

Stig maria . — This fossil, the importance of which has already 
been pointed out (p. 389), was originally conjectured to be an 
aquatic plant. It is now ascertained to be the root of Sigillaria. 
The connection of the roots with the stem, previously suspected, 
on botanical grounds, by Brongniart, was first proved, by actual 
contact, in the Lancashire coal-field, by Mr. Binncy. The fact- 
lias lately been shown, even more distinctly, by Mr. Richard 
Brown, in his description of the Stigmarizv occurring in the 
underclays of the coal-seams of the Island of Cape Breton, in 
Nova Scotia. In a specimen of one of these, represented in the 
annexed figure (fig. 473), the Bpread of the roots was sixteen 


Fig. 473. 



feet, and some of them sent out rootlets, in all directions, into 
the surrounding clay. Mr. Richard Brown also found Stigma- 
rian roots in the coal-field of Cape Breton attached to trees be- 
lieved by him to be Lepidodendra, and Mr. Carruthers has con- 
firmed this opinion from specimens of Lepidodendron occurring 
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in British coal-fields. These facts are of great importance as 
helping to prove the affinity of Sufillaria and Lcpidodcndron , 
and thus confirming the opinion that the latter belong to the 
Lycopodiaceac. 

In the .sea-cliffs of the South Joggins in Nova Scotia, I exa- 
mined several erect Sujillarix, in company with Dr. Dawson, 


Fig. 471. 



Rtiymaria Jtcoide.t, Brong. } natural size. (Foss. Flo. 32.) 


Fig. 47 



and we found that from the lower extremities of the trunk they 
sent out Stigmarix as roots. All the stools of the fossil trees 
dug out by us divided into four parts, and these again bifur- 
cated, forming eight roots, which were also dichotomous when 
traceable far enough. The cylindrical rootlets formerly regarded 
as leaves are now shown by more perfect specimens to have been 
attached to the root by fitting into 
deep cylindrical pits. In the fossil 
there is rarely any trace of the form 
of these cavities, in consequence of 
the shrinkage of the surrounding tis- 
sues. Where the rootlets are removed 
nothing remains on the surface of the ' 

Stigmaria but rows of inammillatod 
tubercles (see figs. 474, 475), which have formed the base of 
each rootlet. Tfijse protuberances may possibly indicate the 
place of a joint aSthe lower extremity of the rootlet. Rows of 
these tubercles are arranged spirally round each root, which 
have always a medullary axis and woody system much re- 
sembling that of SigiHariUj the structure of the vessels being, 
like it, scalariform. No instance seems yet to have been met 
with in Nova Scotia of Stigmarian roots attached to Lepido- 
dendron. 

Coniferee. — The coniferous trees of this period are referred 
to five genera ; the w r oody structure of some of them showing 
that they were allied to the Araucarian division of pines, more 


{■Surface of another individual of 
same species, showing form of 
tubercles. (Foss. Flo. 34.) 
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than to any of our common European firs. Some of their trunks 
exceeded forty-four feet in height. Many, if not all of them, 
seem to have differed from living Conifer as in having large piths ; 
for Professor Williamson has demonstrated the fossil of the 
coal-measures called Stembergia to be the pith of these trees, or 
rather the cast of cavities formed by the shrinking or partial 
absorption of the original medullary axis (see figs. 476, 477). 


Fig. 47G. 



Fragment of coniferous wood, fiadoxylon, of 
Endliohcr, fractured longitudinally; from 
Coulbrook Dale. W. C. Williamson. 1 

a. Bark. 

b. Woody zone or fibre (plcurenchyma). 

c. Medulla or pith, 

d. Cast of hollow pith or ‘ Sternbergia.’ 


This peculiar type of pith is observed in living plants of very 
different families, such as the common Walnut and the White 


Fig. 477. 


e 


Magnified portion of fig. 47G ; transverse section. 
c. Pith. b, b. Woody fibre. e f e. Medullary rays. 

Jasmine, in which the pith becomes so reduced as simply to 
form a thin lining of the medullary cavity, across which trans- 
verse plates of pith extend horizontally, so as to divide the 
cylindrical hollow into discoid interspaces. When these inter- 
spaces have been filled up with inorganic matter, they constitute 
an axis to which, before their true nature was known, the pro- 
visional name of Sternbergia (cl, d, fig. 476) was given. In the 

1 Manchester Pliil. Mem., vol. ix. 185J. 
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above specimen the structure of the 'wood (&, figs. 476 and 477) 
is coniferous, and the fossil is referable to Endliclier’s fossil 
genus Dadoxylon. 

The fossil named Trigonocarpum (figs. 478 and 479), formerly 


Fig. 479. 



Trigonocarpum ovatum , Lindlcy Trigonocarpum olinv forme, Lindley, 

and Ilntton. with its fleshy envelope. Felling 

Teel Quarry, Lancashire. Colliery, Newcastle. 


supposed to be the fruit of a palm, may now, according to Dr. } 
Hooker, be referred, like the titernberyia, to the Gonifersc. Its r 
geological importance is great, for so abundant is it in the coal- 
measures that in certain localities the fruit of some species may 
be procured by the bushel ; nor is there any part of the formation 
where they do not occur, except the underclays and limestone. 
The sandstone, ironstone, shales, and coal itself, all contain 
them. Mr. Binney lia3 at length found in the clay-ironstone 
of Lancashire several specimens displaying structure, and from 
these, says Dr. Hooker, we learn that the Tnyonocarpum be- 
longed to that large section of existing coniferous plants which 
bear fleshy solitary fruits, and not cones. It resembled very 


Fig. 480. 


closely the fruit of the Chi- 
nese genus, Haliaburia, one 
of the Yew tribe, or Taxoid 
conifers. 

The curious fossils called 
Antholithesby Lindley, which 
were formerly considered to 
be flower-spikes, are probably 
allied to the Coniferm. No 
specimen has yet been found 
exhibiting structure, so that 
their true position is somewhat 
doubtful ; but Mr. Peach in 
1870 obtained specimens from carboniferous shales near Falkirk 
(fig. 480), in which the fruit was attached to the stem, and Mr. 



C'ardiorarpon Lind Uni, Carr. ( Anlholithes, 

Lind.) Coal-ruensures, Tulkirk. 
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Carruthers has ascertained that these fruits are identical with 
others found in the coal-measures by Brongniart, and named 
by him Cardioccirpon. The processes supposed by Lindley to 
be petals prove to be pedicels of the fruit springing from each 
cluster of leaves on the axis. The fruit itself is flat and broadly 
ovate, with a cordate base, and a somewhat acute bifid apex. 1 

Monocotyledon in the coal-measures . — In the coal-measures of 
Granton, near Edinburgh, a remarkable fossil (fig. 481) was 

Fig. 481. 



Pothocites Granton I i , Pat. Coal-measures, Edinburgh. 
a. Stem and spike ; £ nat. size. 6. Remains of the spathe, magnified, 

c. Portion of spike, magnified. d. One of the calyces, magnified. 

found and described in 1840 2 by Dr. Robert Paterson. It was 
compressed between layers of bituminous shale, and consists of 
a stem bearing a cylindrical spike a, which in the portion pre- 
served in the slate exhibits two subdivisions and part of a third. 
The spike is covered on the exposed surface with the four-cleft 
calyces of the flowers arranged in parallel rows. The stem shows, 
at b , a little below the spike, remains of a lateral appendage, 
which is supposed to indicate the beginning of the spathe. The 
fossil has been referred to the Aroidiee , and there is every 
probability that it is a true member of this order. There can at 
least bo no doubt as to the high grade of its organisation and 
that it belongs to the monocotyledons. Mr. Carruthers has 

1 Carruthers, Notes on Fossil 2 Trans, of Bot. Soc. Edinburgh, 
Plants, Ceol. Mag., vol. ix. 1872, vol. i. 1844. 
p. 54. 
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carefully examined the original specimen in the Botanical 
Museum, Edinburgh, and thinks it may have been an epiphyte. 

Climate of the Coal Period. — As to the climate of the Coal, 
the Ferns and the Coniferse are perhaps the two classes of plants 
which may be most relied upon as leading us to safe conclusions, 
as the genera are nearly allied to living types. All botanists 
admit that the abundance of ferns implies a moist atmosphere. 
But the coniferae, says Hooker, are of more doubtful import, as 
they are found in hot and dry and in cold and dry climates, in 
hot and moist and in cold and moist regions. In New Zealand 
the coniferm attain their maximum in numbers constituting 
- ( ?.7 part of all the flowering plants ; whereas in a wide district 
around the Cape of Good Hope they do not form of the 
phenogamic flora. Besides the conifers, many species of ferns 
flourish in New Zealand, some of them arborescent, together 
with many lycopodiums ; so that a forest in that country may 
make a nearer approach to the carboniferous vegetation than 
any other now existing on the globe. 

MARINE FAUNA OF THE CARBONIFEROUS PERIOD. 

It lias already been stated that the Carboniferous or Moun- 
tain Limestone underlies the coal-measures in the south of 
England and Wales, whereas in the North and in Scotland 
marine calcareous rocks partly of the age of the Mountain Lime- 
stone alternate with shales and sandstones, containing seams of 
coal. In its most calcareous form the Mountain Limestone is 
destitute of land -plants, and is loaded with marine remains — 
the greater part, indeed, of the rock, being made up bodily of 
crinoids, corals, and polyzoa with interspersed mollusca. 

Corals. — The Corals deserve especial notice, as the cup-and- 
star corals, which have the most massive and stony skeletons, 
display peculiarities of structure by which they may be distin- 
guished generally, as MM. Milne Edwards and Haime first 
pointed out, from all species found in strata newer than the 
Permian. There is, in short, an ancient or Palaeozoic, and a 
modern or Neozoic type, if by the latter term we designate (as 
proposed by Prof. E. Forbes) all strata from the triassic to the 
most modern, inclusive. The accompanying diagrams (ligs. 
482, 483) may illustrate these types. 

It will be seen that the more ancient corals have what is 
called a quadripartite arrangement of the chief vertical plates or 
lamellae — parts of the skeleton which support the organs of re- 
production. The number of these lamella) in the Paheozoic 
type is 4, 8, 1G, &c. ; while in the Neozoic type the number is 
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6, 12, 24, or some other multiple of six ; and this holds good, 
whether they be simple forms, as in fig. 482, a and 483, a, or 
aggregate clusters of corallites, as in 482, c. But further inves- 
tigations have shown in this, as in all similar grand generalisa- 
tions in natural history, that there are exceptions to the rule. 

Fig. 482. 

Palaeozoic type of lamelliforous cup-shaped Coral. Order ZoANTHARIA RUGOSA, 
Milne Edwards and Jules Haime. 

a. Vertical section of Campophyllum flexuosum 
( Cyathop/tyllum , Goldfuss) ; A nat. size : from 
the Devonian of the Eifcl. "The lamella are 
seen around the inside of the cup ; the walls 
consist of cellular tissue ; and large trans- 
verse plates, called tubuliv , divide the interior 
into chambers. 

b. Arrangement of the lamellae in Polycoelia pro- 
fumla , Germav, sp. ; nat. size : from the Mag- 
nesian limestone, Durham. This diagiam 
shows the quadripartite arrangement, of the 
primary septa, characteristic of palaeozoic 
corals, there being 4 principal and 8 inter- 
mediate lamcllm. the whole number in this 
type being always a multiple of four. 

c. Stauria astrwformix, Milne Edwards. Young 
group, nut. size. Upper Silurian, Gothland. 
The lamella’ or septal system in each onp 
are divided by four prominent ridges into 
four groups. 

Thus in the Lower Greensand Ilolorystis elegans (Ed. and H.) 
and other forms have the Palaeozoic type, and Dr. Duncan has 



Neozoic type of lamcllifcrous cup-slmped Coral. Order Zoaxtiiaria aporosa, 

M. Edwards and J. ITaime. 

a. ParaamUta centralist , Mantell, gp. Vertical sec- 
tion ; nat. size. Upper Chalk, Gravesend. In 
this type the lamella are massive, and extend to 
the axis or columella composed of loose cellular 
tissue, without any transverse plates like those 
in fig. 482, a. 

b. Cyathma lioicerbattkii, Ed. and H. Transverse sec- 
tion, enlarged. Gault, Folkestone. Jn this coral 
the primary septa are a multiple of six. The 
twelve principal plates reach the columella, and 
between each pair there are three secondaries, in 
all forty-eight. The short intermediate plates 
which proceed from the columella are not 
counted. They are called pali. 

c. Func/ia patella vis, Lamk. Keoent ; very young 
state. Diagram of its six primary and six 
secondary septa, magnified. The sextuple ar- 
rangement is always more manifest in the young 
than in the adult state. 

shown to what extent the Neozoic forms penetrate downwards 
into the Carboniferous and Devonian rocks. 

From a great number of rugose lamelliferous corals met with in 
the Mountain Limestone, two species (fig. 484, 485) have been 
selected, as having a very wide range, extending from the 
eastern borders of Russia to the British Isles, and being found 
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almost everywhere in each country. These fossils, together 
with numerous species of Zaphrcntis , Amplexns , Cycithophyllum , 
and Clisiophyllum , form a group of rugose corals widely different 


Fig. 484. 



Lithostrotion basalt if orme, Pliil. pp. (Li- 
tfiostrotion striatum , Fleming ; As- 
tra:a basalt if ormis, Coiiyb. ami 
Fhill.). England ; Ireland ; Rus- 
sia ; Town, and westward of the 
Mississippi, United States. (Dr. 
D. Owen.) 


Fig. 4 85. 



Lonsdaleia florif or mis (Marlin, sp.), M. 
Edwards. {Li (host rot ion ftoriformc y 

Fleming. Xtrombodos ) . 
a. Young specimen, uitli buds or coral- 
lites on the disk, illustrating enlicular 
gemmation, b. Fart of a full-grown 
compound mass. Bristol, &c.; Russia. 


from any that followed them. With them are associated certain 
tabulate corals, especially MlchcUnia and Syringopora , the latter 
of which often formed small reefs . 1 

Polyzoa and Crinoidea. — Of the Polysoa , the prevailing 
forms are Fencdella, Hemltrypa, and Polypora , and these often 


Fig. 48(1. 



Cyathocrinus planus. 
Miller. 

Body and arms. 
Mountain Limestone. 


Fig* 487. 



Cyathocrinus caryocrinohles, M‘Coy. 

a. Surface of one of the joints of the stem. 

b. Pelvis or body ; called also calyx or cup. 

c. One of the pelvic plates. 


1 For figures of these corals, see Palseontograpliical Society's Monographs, 

186 ?. 
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form considerable beds. Their net-like fronds are easily recog- 
nised. Crinoidea are also numerous in the Mountain Limestone 
(see figs. 486, 487). 

In the greater part of them, the cup or pelvis (fig. 487 b) is 
greatly .developed in size in proportion to the arms, although 
this is not the case in fig. 486. The genera Poteriocrinus, Cya- 
thocrinus Actinocrinus , and Platycrinus , are all of them 
characteristic of this formation. Other Echinoderms are rare, 
a few Sea-Urchins only being known : these have a complex 
structure, with many more interambulacral plates than are seen 
in the modem genera of the same group. One genus, the 
Pal&chinw (fig. 488), is the analogue of the modem Echinus , but 
has four, five, or six rows of plates in the interambulacral 
region or area, whereas the modern genera have only two. 

Pig. 488. pig, 4g9, 


Pentrewites ellipti- 
eus, Sow. Cart). 
Limestone, Derby- 
shire, &c. 

The other, Archseocidaris, represents, in like manner, the Cidaris 
of the present seas. Two genera of Blastoidea, Pentremites and 
Codonaster , are peculiar to this formation in Europe and North 
America. Pentrcmites (fig. 489) is much the most abundant 
genus, and like Codonaster is distinguished from the true 
Crinoids and Cystoidea by the absence of arms. 

BKollusca. — The British Carboniferous Mollusca enumerated 
by Mr. Etheridge 1 comprise 653 species referable to 86 genera, 
occurring chiefly in the Mountain Limestone. Of this large 
number only 40 species are common to the underlying Devonian 
rocks, 9 of them being Cephalopods, 7 Gasteropods, and the 
rest bivalves, chiefly Bracliiopoda (Palliobranchiata). This 
latter group constitutes by far the larger part of the Carboniferous 
Mollusca, 157 species being known in Great Britain alone, and 
it will be found to increase in importance in the fauna of the 
Silurian rocks, especially in the Wenloek and Caradoc series. 
Perhaps the most characteristic shells of the formation are large 
species of Productus , such as P. giganteus, P. semireticulatus 




1 Quart. Geol. Joum., vol. xxiii. p. 674. 1867. 


Productus semireliculatus, Martin, sp. 
( P . antiquatus, Sow.) Carboni- 
ferous Limestone. England ; 
Russia ; the Andes ; &c. 


Spirt f era trtgonalis , Martin, sp. 
Carboniferous Limestone. 
Derbyshire, &c. 


abound ; and smooth species, such as Spirifera glabra (fig. 492) 
with its numerous varieties. Pig 4{)2 

Among the bracliiopoda, Terebratula 
hastata (fig. 493) deserves mention, not 
only for its wide range, but because it 
often retains the pattern of the original f 
coloured stripes which ornamented the 
living shell. These coloured bands are ~ 

also preserved in several lamellibranchiate 

bivalves, as in A viculopecten (fig. 494), Spirif era glabra, Martin, sp. 
m which dark stripes alternate with a 

light ground. In some also of the spiral univalves, the pattern 
of the original painting is distinctly retained, as in Pleurotomaria 



"/ rili 




Tet'ebratula hastata , Sow., 
with radiating bands 
of colour. Carboni- 
ferous Limestone. 
Derbyshire ; Ireland ; 
Russia; &c. 


Aviculopecten sublobatus, 
Phill. 

Carboniferous Limestone. 
Derby shire; Yorkshire, 


Pleurotomarta carinata. 
Sow. 

(P. flummigera, Phill.) 
Carboniferous Limestone. 
Derbyshire, &c. 


(fig. 495), which displays wavy blotches, resembling the colour- 
ing in many recent Trochidse. 

Some few of the carboniferous mollusca, such as Avicula, 
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Nucula (subgenus Ctenodonta), Solemya , and Lithodomus , be- 
long no doubt to existing genera ; but the majority, though 
often referred to as living types, such as Isocardia , Tnrritella , 
and Buccinum , belong really to forms which appear to have be- 
come extinct at the close of the Palaeozoic epoch. Euomphalm 
is a characteristic univalve shell of this period. In the interior 
it is divided into chambers (fig. 496, d), the septa or parti- 


ng. 4DG. 

a b 



Eitomphahts pentangulalus, Sowcrby. Mountain Linuv.loue. 


a. Upper side. b. Lower or umbilical side. c. View, showing mouth, 
which is less pentagonal in older individuals. d. View oi' polished 
section, showing internal chambers. 

tions not being perforated as in foraminiferous shells, or in 
those having siphuncles, like the Nautilus. The .animal appears 
to have retreated at different periods of 
its growth from the internal cavity pre- 
viously formed, and to have closed all 
communication with it by a septum. The 
number of chambers is irregular, and they 
are generally wanting in the innermost 
whorl. The animal of the recent Turri- 
tella communis partitions off in like man- 
ner, as it advances in age, a part of its 
spire, forming a shelly septum. 

More than twenty species of the genus Bcllcrophon (see fig. 
487), a shell like the living Argonaut without chambers, occur 
in the Mountain Limestone. The genus is not met with in 
strata of later date. It is most generally regarded as belonging 


Fig. 4l>7. 



Jiellevophou rostatas, Sen 
Mountain Limestone. 
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to the pelagic Nucleobranchiata and the family Atlantidso, 
partly allied to the Glass-Shell, Cariiiaria ; by some, however, it 
is thought to be a simple form of Cephalopod. 

The carboniferous Cephalopoda do not depart so widely 
from the living type (the Nautilus) as do the more ancient 
Silurian representatives of the same order ; yet they offer some 
remarkable forms. Among these is Orthoceras , a siphuncled 
and chambered shell, like a Nautilus uncoiled and straightened 
(fig. .498). Some species of this genus are several feet long. 


Fig. 498. Fig. 499. 



Portion of Orthoceras lateral e, a. Lateral view. 

Phillips. Mountain Limestone. h. Front view, showing the mouth. 

The Goniatite is another genus, nearly allied to the A mmonite , 
from which it differs in having the lobes of the septa free from 
lateral denticulations, or crenatures ; so that the outline of these 
is angular, continuous, and uninterrupted. The species repre- 
sented in fig. 499 is found in most localities, and presents the 
zigzag character of the septal lobes in great perfection. The 
dorsal position of the siphuncle, however, clearly distinguishes 
the Goniatite from the Nautilus, and proves it to have belonged 
to the Ammonitidoe, from which, indeed, some authors do not 
believe it to be generically distinct. 

Fossil Fish. — The distribution of these is singularly partial ; 
so much so, that the eminent palaeontologist, M. de Koninck of 
Liege, once stated to me that, in making his extensive collec- 
tion of the fossils of the Mountain Limestone of Belgium, ho 
had found no more than four or five examples of the bones or 
teeth of fishes. Judging from Belgian data, he might have 
concluded that this class of vertebrata was of extreme rarity in 
the carboniferous seas ; whereas the investigation of other 
countries has led to quite a different result. Thus, near 
Clifton, on the Avon, as well as at numerous places around the 
Bristol basin from the Mendip Hills to Tort worth, there is a 
celebrated ‘ bone-bed/ almost entirely made up of ichthyolites. 
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It occurs at the base of the Lower Limestone shales immediately 
resting upon the passage beds of the Old Red Sandstone. 
Similar bone-beds occur in the Carboniferous Limestone of 
Armagh, in Ireland, where they are made up chiefly of the 
teeth of Placoid fishes, nearly all of them rolled as if drifted 
from a distance. Some teeth are sharp and pointed, as in 
ordinary sharks, of which the genus Gladodus affords an illus- 
tration ; but the majority, as in Psammodus and Cochliodus , 
are, like the teeth of the Cestracion of Port Jackson (see above, 
fig. 267, p. 280), massive palatal teeth fitted for grinding (see 
figs. 500, 501). Fig. coo. 



Psammodus porosus, Agass. Bone-bed, Mountain Limestone. 
Bristol ; Armagh. 


Fig. 501. 


There are upwards of seventy other species of fossil fish known 
in the Mountain Limestone of the British Islands. The defen- 
sive fin-bones of these creatures 
are not unfrequent at Armagh 
and Bristol ; those known as 
Oracanilius , GtenacanthiiSy and 
Onchus are often of a very large 
size. Ganoid fish, such as llo- 
1 opt y chins , also occur ; but these 
are far less numerous. The 
great Mcyalichthys Hihhcrti ap- 
pears to range from the Upper 
Coal-measures to the lowest 
Carboniferous strata. 
Foramlnifera. — In the upper part of the Mountain Lime- 
stone group in the S. W. of England, near Bristol, limestones 
having a distinct oolitic structure alternate with 
shales. In these rocks the nucleus of almost 
every minute spherule is seen, under the micro- 
scope, to consist of a small rhizopod or fora- 



Cochllodus con tortus, Ag&sB. Bone-bed, 
Mountain Limestone. Bristol; Armagh. 


Fig. 502. 


Fusulina cyllndrica 
D’Orb. 

Magnified diam. 
Mountain 
Limestone. 


which is represented so fully at later epochs by 
the Nummulites and their numerous minute 
allies, appears in the Mountain Limestone to be 
restricted to a very few species, among which Textnlaria, Nodo - 
saria , Endothyra , and Fusulina (fig. 502) have been recognised. 
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The first two genera are common to this and all the after periods ; 
the third has been found in the Upper Silurian, but is not 
known above the Carboniferous strata ; the fourth (fig. 502) is 
characteristic of the Mountain Limestone in the United States, 
Arctic America, Russia, and Asia Minor, but is also known in 
the Permian. 


u 
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CHAPTER XXV. 

DEVONIAN OK OLD ItED SANDSTONE GROUP. 

Classification of the Old lied Sandstone in Scotland and in Devonshire 

Upper Old lied Sandstone in Scotland, with fish and plants — Middle Old 
lied Sandstone — Classification of the I chtliy elites of the Old Red, and 
their relation to living types — Lower Old Red Sandstone, with Ce/tha- 
laptiis and Pterygotus — Marine or Devonian type of Old Red Sandstone — 
Tabic of Devonian series — Upper Devonian rocks and fossils — Middle — • 
Lower — Rifel Limestone of (Jermaiiy — Devonian of Russia — Devonian 
Strata of the United States and Canada — Devonian Plants and Insects of 
Canada. 

Classification of the two types of Old Red Sandstone. — We 

have seen, that the Carboniferous strata are surmounted by the 
Permian and Trias, both originally included in England under 
the name 4 New Red Sandstone/ from the prevailing red colour 
of the strata. Under the coal came other red sandstones and 
shales which w r ere distinguished by the title of 4 Old Red Sand- 
stone.’ Afterwards the name of 4 Devonian ’ was given by Sir R. 
Murchison and Professor Sedgwick to marine fossiliferous strata 
which, in the South-west of England, occupy a similar position 
between the overlying coal and the underlying Silurian forma- 
tions, the latter, however, not being exposed in North Devon. 

It may be truly said that in the British Isles the rocks of this 
age present themselves in their mineral aspect, and even to 
some extent in their fossil contents, under two very different 
aspects ; the one as distinct from the other as are often lacustrine 
or fluviatilo from marine strata. It has indeed been suggested 
that by far the greater part of the deposits belonging to the Old 
(Red Sandstone are of freshwater origin. The character of the 
land plants, and of the fishes, and the fact that the only shell 
yet discovered belongs to the genus Anodonta, must be allowed 
to lend no small countenance to this opinion. In this case the 
difficulty of classification when the strata of this type are com- 
pared in different regions, even where they are contiguous, may 
arise partly from their having been formed in distinct hydro- 
graphical basins, or in the neighbourhood of the land in shallow 
parts of the sea into which large bodies of fresh water entered, 
and where no marine mollusca or corals could flourish. Under 
bucIi geographical conditions the limited extent of some kinds 
of sediment as well as the absence of those marine forms by 
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which we are able to identify or contrast marine formations, 
may be explained, while the great thickness of the rocks which 
might seem at first sight to require a corresponding depth of 
water can often be shown to have been due to the gradual 
sinking of the bottom of the estuary or sea in which the 
sediment was accumulated. Professor Ramsay, when speculat- 
ing on this subject, has traced out the probable changes which 
marked the passage from the antecedent Silurian ocean to a 
continental condition at the time of the beginning of the Old 
Red Sandstone, when the sea was gradually converted first into 
a series of lagoons and finally into great freshwater lakes. 

In Ireland and Scotland the upper division of the Old Red 
Sandstone lies unconformably upon the lower, and in South 
Wales the upper beds overlap the lower strata, * indicating, 5 
says Professor Ramsay, ‘ great disturbance and denudation, ’ 
but not presenting any insuperable difficulty as to the fresh- 
water origin of the strata ; for the explanation already given 
(p. 303) with regard to the Trias, of the manner in which over- 
lapping strata might now be produced in the region of the 
Dead Sea, will apply equally to the Old Red formation. As 
regards the meagre fauna of the Old Red Sandstone, Pro- 
fessor Ramsay suggests that a parallel is to be found in the 
impoverished fauna of the Caspian Sea, which is now separated 
from the ocean and gradually growing salter by evaporation ; 
but if by an increase of rainfall this inland sea wore to become 
freshened, it would then exhibit a passage from marine to 
freshwater conditions very similar to that which marks the 
advent of the Old Red Sandstone. 1 

Another active cause of local variation in Scotland was the [ 
frequency of contemporaneous volcanic eruptions ; some of the j 
rocks derived from this source, as between the Grampians and [ 
the Tay, having formed islands in the sea, and having been con- 
verted into shingle and conglomerate, before the upper portions 
of the red shales and sandstones were superimposed. 

A dearth of calcareous matter over wide areas is characteristic 
of the Old Red Sandstone. This is, no doubt, in great part 
due to the absence of shells and corals ; but why should these 
be so generally wanting in all sedimentary rocks the colour of 
which is determined by the red oxide of iron ? It cannot be 
said that any satisfactory conclusion has yet been arrived at on 
this subject. Some geologists are of opinion that the waters 
impregnated with this oxide were prejudicial to living beings ; 
others that strata permeated with this oxide would not preserve 

1 Contemporary Review, July 1873, p. 200. 
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such fossil remains. We have already referred (p. 363) to the 
recent deposits of oxide of iron in certain Swedish lakes, a 
geological examination of which might, perhaps, throw light on 
this subject. 

In regard to the two types, the Old Red Sandstone and the 
Devonian, I shall first treat of them separately, and then allude 
to the proofs of their having been to a great extent contem- 
poraneous. That they constitute a series of rocks intermediate 
in date between the lowest Carboniferous and the uppermost 
' Silurian is not disputed by the ablest geologists ; and it can no 
'longer be contended that the Upper, Middle, and Lower Old 
Red Sandstone preceded in date the three divisions to which by 
aid of the marine shells the Devonian rocks have been referred, 
while, on the other hand, we have not yet data for enabling us 
to affirm to what extent the subdivisions of the one scries may 
be the equivalents in time of those of the other. 

Upper Old Red Sandstone. — The highest beds of the scries 
in Scotland, lying immediately below the coal in Fife, are com- 
posed of yellow sandstone well seen at Dura Den near Coupar, 
in Fife, where, although the strata contain no mollusca, fish 
have been found abundantly, and have been referred to the 
genera II olopty china, Pamphractus , Glyptopomus , and many 
others. In the county of Kilkenny in Ireland, a similar yellow 
sandstone occurs containing fish of genera characteristic of the 
Scotch Old Red Sandstone, as for examplo Coccostens (a form 
Fig. > r >0o. represented by many spe- 

cies in the Old Red Sand- 
stone and by one only in 
the Carboniferous group) 
and G lytolepis, which is ex- 
clusively confined to the 
‘ Old Red. ’ In the same Irish 
Anodortht Jidesii, Fori.es. sandstone at Kiltorkan has 

■Upper Devonian, Kiltorkan, Ireland. bccn found an Anodouta or 

freshwater mussel, the only shell hitherto discovered in the Old 
Red Sandstone of the British Isles (see fig. 503). In the same 
beds are found the fern (fig. 505) and the Lepidodendron, 
(fig. 504), and twelve other species of plants, some of which, 
Professor Heer remarks, agree specifically with species from the 
Lower Carboniferous beds. This induces him to loan to the 
opinion, long ago advocated by Sir Richard Griffith, that the 
yellow sandstone, in spite of its fish remains, should be classed 
as Lower Carboniferous — an opinion which I am not yet prepared 
to adopt. Between the Mountain Limestone and the yellow 
sandstone in the south-west of Ireland there intervenes a for- 
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mation no less than 5,000 feet thick, called the i Carboniferous 
slate ; ’ and at the base of this, in some places, are local deposits, 


Fig. m. 



Bifurcating branch of Lepidotlrmlron 
Griffiths! i, Broug. Upper Devo- 
nian, Kilkenny. 


Fig. 503. 



Falwoptoris Hibernica, Sehinap. (C/;- 
cloptrris Jlibrmica , Ed. Forbes.) 
( Adianlitrs , (loop.) Upper 

Devonian, Kilkenny. 


such as the Coomliola Grits, which appear to be beds of passage 
between the Carboniferous and Old Red Sandstone groups. 

It is a remarkable result of the recent examination of the 
fossil flora of Bear Island, lat. 74° 30' N. , that Professor Heer 
has described as occurring in that part of the Arctic region 
(nearly twenty-six degrees to the north of the Irish locality) 
a flora agreeing in several of its species with that of the yellow 
sandstones of Ireland. This Bear Island flora is believed by 
Professor Heer to comprise species of plants some of which 
ascend even to the higher stages of the European Carboniferous 
formation, or as high as the Mountain Limestone and Millstone 
Grit. Palaeontologists have long maintained that the same 
species which have a wide range in space are also the most 
persistent in time, which may prepare us to find that some 
plants having a vast geographical range may also have endured 
from the period of the Upper Devonian to that of the Millstone 
Grit. 

Outliers of the Upper £ Old Red ’ occur unconformably on 
older members of the group, and the formation represented at 
Whiteness near Arbroath (a, fig. 55, p. 51) may probably be 
one of these outliers, though the want of organic remains renders 
this uncertain. It is not improbable that the beds given in this 
section as Nos. 1, 2, and 3, may all belong to the early part of 
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the period of the Upper Old Red, as some scales of lloloptychius 
nobillissimus ■ have been found scattered through the beds, No. 

2, in Strathmore. Another nearly allied 
Holopty chins occurs in Dura Den. A figure 
of this genus is annexed (fig. 507), and 
also one of its scales (fig. 506), as these last 
are often the only parts met with ; being 
scattered in Forfarshire through red-coloured 
shales and sandstones, as are scales of a large 
species of the same genus in a corresponding 
Soiiif* of lloloptychius matrix in Herefordshire and Somersetshire. 1 

Ag. The number of fish obtained from the British 
AbiJimuc. „ u.it. faizo Upper Old Red Sandstone amounts to fif- 
teen species referred to eleven genera. 

Sir R. Murchison groups with this upper division of the Old 


Fig. 507. 



llolophjchius. Ah restored l>y Trof. Huxley. 
a. The fringed pectornl fins. r. Anal fin. 

0. The fringed ventral fins. d, e. Dorsal fins. 


Red of Scotland certain light-red and yellow sandstones and 
grits which occur in the northernmost part of the mainland 
and extend also into the Orkney and Shetland Islands. They 
contain Catamites and other plants which agree generically with 
Carboniferous forms. 

Middle Old Red Sandstone. — In the northern part of Scot- 
land there occurs a great series of bituminous schists and flag- 
stones, to the fossil fish of which attention was first called by the 
late Hugh Miller. They were afterwards described by Agassiz, 
and the rocks containing them were examined by Sir R. Mur- 
chison and Professor Sedgwick, in Caithness, Cromarty, Moray, 
Naim, Gamrie in Banff, and the Orkneys and Shetlands, in 
which great numbers of fossil fish have been fpund. These 
1 Siluria, 4tli ed. p. 2G5. 


Fig. 50G. 
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were at first supposed to be the oldest known vertebrate 
animals, as in Cromarty the beds in which they occur seem to 
form the base of the Old Red system resting almost immediately 
on the crystalline or metamorphic rocks. But in fact these fish- 
bearing beds, when they are traced from north to south, or to 
the central parts of Scotland, thin out, so that their relative age 
to the Lower Old Red Sandstone, presently to be mentioned, 
was not at first detected, the two formations not appearing in 
superposition in the same district. In Caithness, however, many 
hundred feet below the fish -zone of the middle division, remains 
of Pteraspis were found by Mr. Peach in 1801 . This genus has 
never yet been found in either of the two higher divisions of the 
Old Red Sandstone, and confirms Sir R. Murchison’s previous 
suspicion that the rocks in which it occurs belong to the Lower 
‘ Old Red,’ or agree in age with the Arbroath paving-stone. 1 

Fossil fish of the. Middle Old lied Sandstone. — The Devonian 
fish were referred by Agassiz to two of his great orders, namely, 
the Placoids and Ganoids. Of the first of these, which in the 
Recent period comprise the shark, tlie dog-fish, and the ray, no 
entire skeletons are preserved ; but fin- spines, called Iclithyo- 
dorulites, and teeth occur. On such remains the genera Onchus , 
Odont acanthus, and Ctenodns , a supposed cestraciont, and some 
others, have been established. 

By far the greater number of tlio Old Red Sandstone fishes 
belong to a sub-order of Ganoids instituted by Huxley in 18G1, 
and for which he has proposed the name of Crossopterygidoe , 2 or 
the fringe-finned, in consideration of the peculiar manner in 
which the fin-rays of the paired fins are arranged so as to form 
a fringe round a central lobe, as in the Polyptcrus (see a, fig. 
508), a genus of which there are several species now inhabiting 


Fig. 508. 



Polyptcrus. See Agassiz, * Recli ere lies snr les Poissons Fossiles.’ 
Living in the Nile and other African rivers. 


a. One of the fringed pectoral fins. c. Anal fin. 

b. One of the ventral fins. d. Dorsal fin, or row of finlots. 

the Nile and other African rivers. The reader will at once 
recognise in Osteolepis (fig. 509) one of the common fishes of 

1 Silurin, 4th ed. p. 258. 

u Abridged from Kpoo-crwro?, crossotos, a fringe, and nrepv£, ptervx, a fin. 
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the Old Heel Sandstone, many points of analogy with Folypterm. 
They not only agree in the structure of the fin, as first pointed 


Fig. 509. 



Restoration of Osleolcpis. Pander. Old lied Sandstone, or Devonian. 

a. One of tlie fringed pectoral fins. c. Anal fins. 

b. One of tlie ventral fins. <7, e. Dorsal fins. 


out by Huxley, but also in the position of the pectoral, ventral, 
and .anal fins, and in having an elongated body and rhomboidal 
scales. On the other hand, the tail is more symmetrical in the 
recent fish, which has also an apparatus of dorsal finlets of a 
very abnormal character, both as to number and structure. 
As to tlie dorsals of Osteulepis, they are regular in structure 
and position, having nothing remarkable about them, except 
that there arc two, which is comparatively unusual in living 
lish. 

Among the ‘ fringe-finned ’ Ganoids we find some with rhom- 
boidal scales, such as Osteal cpis , above figured ; others with 
cycloidal scales, as II olopty chins, before-mentioned (see fig. 507, 
p. 438). In the genera Dipterus and Diplopterus , as Hugh 
Miller pointed out, and in several other of the fringe -finned 
genera, as in G yropty chins and Glyplolcpis, the two dorsals are 
placed far backwards, or directly over the ventral and anal fins. 
The A steroltpis (one of the Placodermata) was a ganoid fish of 
large dimensions. A. Asmusli, Eichwald, a species character- 
istic of the Old lied Sandstone (Devonian) of Russia, as well 
as of the Middle .and Upper division of the same rocks in 
Scotland, attained, according to Hugh Miller, 1 the length of 
between twenty and thirty feet. The Asterolepi were partly 
clothed with strong bony armour, embossed with starlike 
tubercles. The Astcrolejriis occurs also in the Devonian rocks 
of North America. 

If wo except the Placoids already alluded to, and a few other 
families of doubtful affinities, all the Old Red Sandstone fishes 
are Ganoids, an order so named by Agassiz from the shining 
outer surface of their scales ; but Prof. Huxley has also called 
our attention to the fact, that, while a few of the primary and 
the great majority of the secondary Ganoids resemble the living 
bony pike, Lcpklostous, or tlie Amia , genera now found in North 

1 Footprints of Creation, p. 103. 
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American rivers, and one of them, Lepidosteus, extending as far 
south as Guatemala, the Crossopterygii, or fringe-finned Ich- 
thyolites, of the Old Red are closely related to the African 
Polypterus , which is represented by five or six Bpecies now inha- 
biting the Nile and the rivers of Senegal. These North Ameri- 
can and African Ganoids are quite exceptional in the living 
creation ; they were until lately considered to be entirely con- 
fined to the northern hemisphere, but in 1870 another genus of 
the Crossopterygii, Ceratodus Forsteri , was found living in the 
rivers of Queensland, Australia; 1 out of about 0,000 living 
species of fish known to M. Gunther, and of which more than 
6,000 are now preserved in the British Museum, they probably 
constitute no more than nine. 

If many circumstances favour the theory of the freshwater 
origin of the Old Red Sandstone, this view of its nature is not 
a little confirmed by our finding that it is in Lake Superior and 
the other inland Canadian freshwater seas, and in the Mis- 
sissipi and African rivers, 
that Ave at present find 
those fish which have the 
nearest affinity to the fos- 
sil forms of this ancient 
formation. 

Among the anomalous 
forms of Old Red fishes 
not referable to Huxley’s 
Crossopterygii is the Pte- 
richthys , of which five 
species lmve been found 
in the middle division of 
the Old Red of Scotland. 

Some writers have com- 
pared their shelly cover- 
ing to that of Crusta- 
ceans, with which, how- 
ever, they have no real affinity. The -wing-like appendages, 
whence the genus is named, Avere first supposed by Hugh Miller 
to be paddles, like those of the turtle ; and thero can now 
be no doubt that they do really correspond with the pectoral 
fins. 

The number of species of fish already obtained from the 
middle division of the Old Red Sandstone in Great Britain is 
about 70, and the principal genera, besides Osteolepis , and Pte- 


Fig. 510. 



ricrichihps , Agassiz ; Upper side, showing 
mouth ; as restored by H. Miller. 


Gunther on Ceratodus, Phil. Trans. Royal Soc., part 2, 1871, p. 511. 
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richthys, already mentioned, are Glyptolepis , Diplacanthus , Den- 
drodus , Goccosteus, Cheir acanthus, and Acanthoides. 

lower Old Red Sandstone. — The third or lowest division 
south of the Grampians consists of grey paving-stone and 
roofing-slate, with associated red and grey shales ; these strata 
underlie a dense mass of conglomerate. In these grey beds 
several remarkable fish have been found of the genus named by 
Agassiz Ccphalaspis , or ‘buckler-headed,’ from the extraordinary 
shield which covers the head (see fig. 511), and which has often 


Fig. 511. 



Cephahxspis LyclW , A grass. Length C>2 inches. 

From a specimen in my collection found at Glnmmiss, in Forfarshire. 

(See other figures, Agassiz, vol. ii. tab. 1 a and 1 b.) 

a. One of the peculiar .scales with which the head is covered when perfect. These 

scales are generally removed, as in the specimen ubove figured. 

b. c. Scales from different parts of the body und tail. 


been mistaken for that of a trilobite, such as Asaphns. A 
species of Pteraspis, of the same family, lias also been found by 
the Rev. Hugh Mitchell in beds of corresponding age in Perth- 
shire ; and Mr. Powrie enu- 
merates no less than five genera 
of the family Acanthodidso, the 
spines, scales, and other re- 
mains of which have been de- 
tected in the grey flaggy sand- 
stones. 1 

In the same formation at 
Carmylie, in Forfarshire, com- 
monly known as the Arbroath 
paving-stone, fragments of a 
huge crustacean have been met with from time to time. They 
are called by the Scotch quarry men the ‘ Seraphim/ from the 
wing-like form and feather-like ornament of the thoracic ap- 

1 Powrie, Geol. Quart. Journ., vol. xx. p. 417. 


Fig. 512. 



Tievygotus anglicus, Agassiz. 
Middle portion of the back of the head 
culled the ‘ Seraphim.* 
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pondage, the part most usually met with. Agassiz, having pre- 
viously referred some of these fragments to the class of fishes, 
was the first to recognise their crustacean character, and, al- 
though at the time unable correctly to determine the true 
relation of the several parts, he figured the portions on which 
he founded his opinion, in the first plate of his i Poissons Fos- 
siles du Vieux Gres Rouge . 9 

A restoration in correct proportion to the size of the frag- 
ments of P. Anglicus (fig. 513), from the Lower Old Red Sand- 


Fig. 613. 


P/enigolus anglicus. Ag., For- 
farshire. Ventral aspect. lie- 
stored by H. Woodward, F.ll.S. 

a. Carapace, showing the large 

sessile eyes at the anterior 
angles. 

b. The metastoma or post-oral 

plate (serving the office of a 
lower lip). 

c. c. Clielatc appendages ( anien - 

vules). 

d. First pair of simple palpi (an- 

tenna 1 ). 

e. Second pair of simple palpi 

(mandibles). 

f. Third pair of simple palpi (first 

max dice). 

g. Pair of swimming feet with 

their broad basal joints, whose 
serrated edges serve the office 
of maxilla \ 

h. Thoracic plate covering the 

first two thoracic segments, 
which are indicated hy the 
figures 1,2, and a dotted line. 
1-0. Thoracic segments. 

7-12. Abdominal segments. 

13. Telson, or tail-plate. 



stone of Perthshire and Forfarshire, would give us a creature 
measuring from 5 to 6 feet in length, and more than 1 foot across. 

The largest crustaceans living at the present day are the 
Inachus Ktxmpferi , of De Haan, from Japan (a brachyurous or 
short-tailed crab), chiefly remarkable for the extraordinary 
length of its limbs ; the fore-arm measuring 4 feet in length, 
and the others in projiortion, so that it covers about 25 square 
feet of ground ; and the Linmlus Mulncccmus, the great King 
Crab of China and the eastern seas, which, when adult, mea- 
sures 1J foot across its carapace, and is 3 feet in length. 

Besides some species of Pterygvtus , several of the allied genus 
j EurypterV'S occur in the Lower Old Red Sandstone, and with 
them the remains of grass-like plants so abundant in Forfar- 
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Bilire and Kincardineshire as to he useful to the geologist by 
enabling him to identify the inferior strata at distant points. 
Some botanists have suggested that these plants may be of the 
family Fluvuil.es, and of freshwater genera. They are accom- 
panied by fossils, called 4 berries ’ by the quarrymen, which 
they compared to a compressed blackberry (see figs. 514, 515), 


Fig. 514. 




Parka (fee ip tens, Fleming. 
Jn sandstone of lower beds 
of OJd Red, Ley’s Mill, 
Forfarshire. 


Parka dccipiens , Fleming. 

In shale ol' Lower Old Red, Park Hill, 
Fife. 


and which were called 1 Parka 9 by Dr. Fleming. They are now 
considered by Mr. Powrie to be the eggs of crustaceans ; which 
is highly probable, for they have not only been found with 
Ftern (joins Anglicus in Forfarshire and Perthshire, but also in 


Fig. r>n;. 



Old Red Sandstone Slmle of 
Forfarshire. With impres- 
sion of plants and ova of 
Crustaceans. 

a. Two pair of ova? resem- 

bling those of large Sala- 
manders or Tritons— on 
the same leaf. 

b, b Detached ova. 


the Upper Silurian strata of England in w hich spocies of the 
same genus, Pterygotus, occur. 

The grandest exhibitions, says Sir R. Murchison, of the Old 
Red Sandstone in England and AVales appear in the escarp- 
ments of the Black Mountains and in the Fans of Brecon and 
Carmarthen, the one 2,802, and the other 2,590 feet above the 
sea. The mass of red and brown sandstone in these mountains 
is estimated at not less than 10,000 feet, clearly intercalated 
between the Carboniferous and Silurian strata. No shells or 
corals have ever been found in the whole series, not even where 
the beds are calcareous, forming irregular courses of concre- 
tionary lumps called ‘ cornstones/ which may be described as 
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mottled red and green earthy limestones. The fishes of this 
lowest English Old Red are Cephalaspis and Pteraspis , specifi- 
cally different from species of the ' same genera which occur m 
the uppermost Ludlow or Silurian tilestones. Crustaceans also 
of the genus Eurypterus are met with. 

Marine or Devonian type. — We may now speak of the 
marine type of the British strata intermediate between the Car- 
boniferous and Silurian, in treating of which we shall find it 
much more easy to identify the Upper, Middle, and Lower di- 
visions with strata of the same age in other countries. It was 
not until the year 1830 that Sir R. Murchison and Professor 
Sedgwick discovered that the culiniferous or anthracitic shales 
and sandstones of North Devon, several thousand feet thick, 
belonged to the coal ; and that the beds below them, which are 
of still greater thickness, and which, like the carboniferous 
strata, had been confounded under the general name 6 grey- 
wacke,’ occupied a geological position corresponding to that of 
the Old Red Sandstone already described. In this reform they 
were aided by a suggestion of Mr. Lonsdale, who, after studying 
the Devonshire fossils, perceived that they belonged to a pecu- 
liar palaeontological type of intermediate character between the 
Carboniferous and Silurian. 

It is in the north of Devon that these formations may best 
be studied, where they have been divided into an Upper, 
Middle, and Lower Group, and where, although much contorted 
and folded, they have for the most part escaped being altered 
by intrusive trap-rocks and by granite, which in Dartmoor and 
the more southern parts of the same county have often re- 
duced them to a crystalline or met amorphic state. 

The following table exhibits the sequence of the strata or sub- 
divisions as seen both on the sea-coast of the British Channel 
and in the interior of Devon. It will be seen that in all main 
points it agrees with the table drawn up in 18G4 for the sixth 
edition of my ‘ Elements.’ Mr. Etheridge 1 has since published 
an excellent account of the different subdivisions of the rocks 
and their fossils, and has also pointed out their relation to the 
corresponding marine strata, of the Continent. The slight modi- 
fications introduced in my table since 1864 are the result of a 
tour made in 1870 in company with Mr. T. M‘K. Hughes, 
when we had the advantage of Mr. Etheridge’s memoir as our 
guide. 

1 Quart. Geol. Joura. vol. xxiii. 18G7. 
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DEVONIAN SERIES IN NORTH DEVON. 

(«.) Sandy slates and schists with fossils, 36 species out 
of 110 common to the Carboniferous group (Pilton, 
Barnstaple, &c.), resting on soft schists in which fossils 
are very abundant (Croyde, &c.), and -which pass down 
into 

(£*.) Yellow, brown, and red sandstone, with land plants 
( Ci/cloptcris , &c.) and marine shells. One zone, cha“ 
racteriscd by the abundance of Cucullrca (Baggy Point, 
Marwood, Sloly, &c.), resting on hard grey and reddish 
sandstone and micaceous Hags ; no fossils yet foun 
(Dulverton, Pick well, Down, &c.). 

(a.) Grey glossy slates of considerable thickness, bearing 
quartz veins ; no fossils yet recorded from these beds 
(Mortlioc, Bee Bay, &c.). 

(/;.) Slates and schists, with irregular courses of lime- 
stone containing shells and corals like those of the 
Torba}' and Plymouth Limestone (Combe Martin, 
Ilfracombe, Sec.). 

(«.) Hard, greenish, red, and purple sandstone (Hangman 
Hill, &e.). 

(&.) Soft slates with subordinate sandstones — fossils nu- 
merous at various horizons — Brachiopoda, Corals, 
Enorinites, &c. (Valley of Rocks, Lynmouth, &c.) 

The place of the sandstones of the Foreland is not yet clearly 
made out, as they are cut off by a great fault and disturbance. 

Upper Devonian rooks. — The slates and sandstones of 
Barnstaxde ( a and b of the preceding section) contain the shell 
Spiv if era disjunct a, Sow. (*S y . Vcrncuilii, rig> 518i 

Murch.), (see fig. 517), which has a very 
wide range in Europe, Asia Minor, and 
even China ; also Strophalosia caper ata, 
together with the large trilobite Pltacops 
latifrom , Broun, (see fig. 518), which is 
all but world- wide in its distribution. 

The fossils are numerous, and comprise 
about 150 sx>ccies of mollusca, a fifth of 

Fig. 517. 


Spir i/era disjunct a, Sow. Syn. Sp. Vemeuilii, Phacops latifrons, Bronn. 

Murch. Characteristic of the Devo- 

Upper Devonian, Boulogne. nian in Europe, Asia, and 

N. and S. America. 

which pass up into the overlying Carboniferous rocks. To this 
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Upper Devonian belong a series of limestones and slates well 
developed at Petherwyn, in Cornwall, where they have yielded 
75 species of fossils. The genus of Cephalopoda called CLymatvia 
(fig. 519) is represented by no less than 11 species, and strata 


Fig. 519. 



— oari< mergur, v> uuuu j g, »xc. ; 

Clymcnia linearis, Munster. Cornwall ; Nassau ; Saxony ; 

Petherwyn, Cornwall ; Elbersreuth, Bavaria. Belgium. 


occupying the same position in Germany are called Clymenien- 
Kalk, or sometimes Cypridinen-Schiefer, on account of the 
number of minuto bivalve shells of the crustacean called Cy- 
pridina serrate) -striata (fig. 520), which is found in these beds, 
in the Rhenish provinces, the Harz, Saxony, and Silesia, as well 
as in Cornwall and Belgium. 

Middle Devonian rocks. — We come next to the most typi- 
cal portion of the Devonian system, including the great lime- 
stones of Plymouth and Torbay, as well as the slates and impure 
limestones of Ilfracombe, all replete with shells, trilobites, and 
corals. Of the corals 51 species are enumerated by Mr. Ethe- 
ridge, none of which pass into the Carboniferous formation. 
Among the genera we find Favosites, Hello Litas, and Cyatlwphyl- 
lum . The two former genera are very frequent in Silurian 
rocks : some few even of the species are said to be common to 
the Devonian and Silurian groups, as, for example, Favosites ccr- 
vicornis (fig. 522), one of the commonest of all the Devonian 
corals. The Cyathophyllnm caespitosum (fig. 523) and Heliolites 
porosa (fig. 523) are species peculiar to this formation. 

Fig. 521 . 

Heliolites porosa, Goldf., sp. ( Parties 
pyri/ormis, Lonsd.). 

a. One of the eorallites lnngnificd. 
Middle Devonian, Torquay. 
Fly mouth, Eifel. 

With the above are found no less than 11 genera of stone- 
lilies or crinoids, some of them, such as Cupressocrinites, distinct 
from any Carboniferous forms. The mollusca also are no less 
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characteristic ; of G8 species of Brachiopoda, 10 only are 
common to the Carboniferous series. The Stringoccphalus 
Fig. 522. Fig. 523. 



Favositcs cervicumis, Blainv. S. Devon, 
from a polished specimen. 
a. Portion of the same magnified, to 
show the pores. 


6 . 




a. Cuathophyllun camp ito.su m, Goldf. ; 

riy mouth and Ilfracombe. 

b. A terminal star. 

c. Vertical section, exhibiting transverse 

plates, and part of another branch. 


Bur tint (fig. 524) and Uncites Gryplius (fig. 525) may be men- 
tioned as exclusively Middle Devonian genera, and extremely 


Fig. 524. 



Stringoccphalus Bartini , Dcf. 


«. Valves united. b . Interior of ventral or large 

valve, showing thick partition and portion of 
a large process which projects from the dorsal 
valve across the shell. 


Fig. 026. 



Uncites Onjplius y Def. 
Middle Devonian. 

S. Devon and the 
Continent. 


characteristic of the same division in Belgium. The titringocc- 
phalus is also so abundant in the Middle Devonian of the 
banks of the Rhine as to have suggested the name of Strin- 
gocephalus Limestone. The only two species of Brachiopoda 
common to the Silurian and Devonian formations are Atrypa 
reticularis (fig. 541, p. 459), which seems to have been a cosmo- 
polite species, and Strophomena, rJumiboidalis. 

Among the peculiar lamellibrancliiate bivalves common to the 
Plymouth limestone of Devonshire and the Continent, we find 
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the Magalodon (fig. 526). There are also 12 genera of Gastero- 
poda which have yielded 36 species, 4 of which pass to the Car- 


Fig. 52C. 



Megalodon cucullalux, Sow. Eifel; also Bradley, Conularia ornata, D' Arch. 

S. Devon. and I)e Vern. 

a. The valves united. (Gcol. Trans., Sec. Ser., 

v. Interior of valve, showing the largo cardinal tooth. vol. vi. i’l. 2D.) Itelrath, 

near Cologne. 

bonifcrous group, namely Machrochcllus, Acroeulia , Enomphalns , 
and Murchisonia. Pteropods occur, such as Gomdaria (fig. 527), 
and the Cephalopoda, Cyrtocerws , Gyroccras , Orthoceras, and 
others, nearly all of genera distinct from those prevailing in the 
Upper Devonian Limestone, or Clymenien-Kalk of the Germans 
already mentioned (p. 447). Although but few species of Trilo- 
bites occur, the characteristic JJronicns fiabellifer (fig. 528) is far 
Fig. 528. 


Fig. 520. 




BronteusflabeUi/er, Goldf. Calceola sandalina , Lam. Eifel ; also South Devon. 

Mid. Devon ; S. Devon ; «. Ventral valve. 

and the Eifel, l». Inner side of dorsal valve. 

from rare, and all collectors are familiar with its fan-like tail. 
In this same group called, as before stated, the Stringocephalus 
or Eifel Limestone in Germany, several fish remains have been 
detected, and among others the remarkable genus Goecosteus 
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covered with its tuberculated bony armour ; and these ichthyo- 
lites serve, as Sir R. Murchison observes (‘ Siluria’, p. 362), to 
identify this middle marine Devonian with the Old Red Sand- 
stone of Britain and Russia. 

Beneath the Eifel Limestone (the great central and typical 
member of the ‘ Devonian ’ on the Continent) lie certain schists 
called by German writers ‘ Calceola-schiefer,* because they con- 
tain in abundance a fossil body of very curious structure, Cal - 
ceola sandalina (fig. 629), which has been usually considered a 
Brachiopod, but which some naturalists have lately referred to 
a Goniophyllum, supposing it to be an abnormal form of the 
order Zoantharia rngusa (see fig. 482, p. 426), differing from all 
other corals in being furnished with a strong operculum. This 
is by no means a rare fossil in the slaty limestone of South 
Devon, and, like the Eifel form, is confined to the middle group 
of this country. 

lower Devonian rocks. — A great series of sandstones and 
glossy slates, with Crinoids, Braehiopods, and some corals 



and polyzoa, occurring on the coast at 
Lynmouth and the neighbourhood, and 
called the Lynton Group (see table, p. 
446), form the lowest member of the 
Devonian in North Devon. Among the 
18 species of all classes enumerated by 
Mr. Etheridge, two -thirds are common 
to the Middle Devonian ; but only one, 
the ubiquitous A try pa reticularis , can 
with certainty be identified with Silurian 
species. Among the characteristic forms 
are Alveolites suborbicul avis , also common 
to this formation in the Rhine, and 
Ortliis arcuata, very widely spread in 
the North Devon localities. But we 


Jfomalonotus armatus , Bur 
meister. Lower Devonian, 
Daun, in the Eifel ; and S. 

Devon. 

Obs. The two rows of spines 
down the body give an ap- 
pearance of more distinct 
trilobation than really oc- 
curs in this or most other 


may expect a large addition to the species of the genus, 
number of fossils whenever these strata shall have been carefully 
searched. The spirifer-sandstone of Sandberger, as exhibited 
in the rocks bordering the Rhine between Coblentz and Caub, 


Devonian of Russia. — The Devonian strata of Russia ex- 
tend, according to Sir R. Murchison, over a region more spa- 
cious than the British Isles ; and it is remarkable that, where 
they consist of sandstone like the c Old Red ’ of Scotland and 
Central England, they arc tenanted by fossil lislies often of the 
same species and still oftener of the same genera as the British, 
whereas when they consist of limestone they contain shells 
similar to those of Devonshire, thus confirming, as Sir Roderick 
has pointed out, the contemporaneous origin which had been 
previously assigned to formations exhibiting two very distinct 
mineral types in different parts of Britain. 1 The calcareous 
and the arenaceous rocks of Russia above alluded to alternate 
in such a manner as to leave no doubt of their having been 
deposited in different parts of the same great period. 

Devonian strata in tlie United States and Canada. — 
Between the Carboniferous and Silurian strata there intervenes, 
in the United States and Canada, a great series of formations 
referable to the Devonian group, comprising some strata of 
marine origin abounding in shells and corals, and others of 
shallow water and littoral origin in which terrestrial plants 
abound. The fossils, both of the deep and shallow water strata, 
are very analogous to those of Europe, the species being in 
some cases the same. In Eastern Canada Sir W. Logan has 
pointed out that in the peninsula of Gaspe, south of the estuary 
of St. Lawrence, a mass of sandstone, conglomerate, and shale 
referable to this period occurs, rich in vegetable remains to- 
gether with some fisli-spines. Far down in the sandstones of 
Gaspe Dr. Dawson found in 1869 an entire specimen of the 
genus Cephalaspis , a form so characteristic, as we have already 
seen, of the Scotch Lower Old Red Sandstone. Some of the 
sandstones are ripple-marked ; and towards the upper part of 
the whole series a thin seam of coal has been observed, measur- 
ing, together with some associated carbonaceous shale, about 
three inches in thickness. It rests on sin underclay in which 
are the roots of Psilophyton (see fig. 532). At man}' other 
levels rootlets of this same plant have been shown by Principal 


1 Murchison’s Siluria, p. 029. 
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Dawson to penetrate the clays, and to play the same part as do 
the rootlets of Stigmaria in the coal formation. 

We had already learnt 
1S ' from the works of Gcep- 

l j pert, Unger, and Bronn 

\ i \ // i , that the European plants 

M V I 1 [ of the Devonian epoch 

\/ V\\[/^ resemble genericallv, with 

^ \ \ 1 u Vi fcT f ew exceptions, those al- 

\ I V \\ \\H V ready known as Carboni- 

VmV \1 I f crons ; and Dr. Dawson, 

Q\fd \1 \\\|/\ uXl I i n 1859, enumerated 32 

i/' V\ 1/ ^ genera and G9 species 

\ «®nr (X \ vJ f uir " I which he had then ob- 

C\ pX 1 v |/n I W7 j tained from the State of 

\ V\ f HI jJ New York and Canada. 

\ \ a \\/ y A perusal of his cata- 

\ C\| |y Ejr $)'7\ logue, 1 comprising Cuni- 

\ \ B Of (fyf ** ferae, SigUlarUr , Cala- 

\ \ S' y miles, Asterophyllites, Le- 

11) 1 J^|] / jridodendra, and ferns of 

#/ [/ yr the genera Cyclopteris , 

/( f/ ip—fcJ j Nenropteris, riphcnoptcris, 

'^ ¥ hPEI anc l others, together with 

w ^ fruits, such as Cardioccir- 

jjSpl |||||j|l pum and Trig ono carpi im, 

aKV* if to believe that they were 

jtL* ’ ul J) f| Carboniferous fossils, the 

mi! 1 i%r M difference of the species 

m Jw from those of the coal- 

b M- measures, and even a 

slight admixture of genera 
—**£/ unknown in Europe, being 
f naturally ascribed to geo- 

'f' graphical distribution and 

• " 11 the distance of the New 

Psilophylon princepx, Dawson, Geol. Quark. Jonrn., from the Old World. But 
vol. xv. 180,{; and Canada Survey, 18<»3. fr»r+nnn+plvr fhf> enal fnr- 
Species cliaracteristic of the whole Devonian tort unately tne Coal tor 
series in North America. mation IS fully developed 

a. Fruit ; natural size. b. Stem ; natural size, on the other side of the 
c. Scalariform tissue of the axis, highly magnified. . , . , . , . . , , 

Atlantic, and is singularly 

like that of Europe, both lithologically and in the species of its 
1 Geol. Quart. Jouru., vol. xv. p. 417. 1859; also vol. xviii. p. 290. 1862. 
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fossil plants. There is also the most unequivocal evidence of 
relative age afforded by superposition, for the Devonian strata 
in the United States are seen to crop out from beneath the 
carboniferous on the borders of Pennsylvania and New York, 
where both formations are of great thickness. 

The number of American Devonian jdants has now been 
raised by Dr. Dawson to 120, to which we may add about 80 
from the European flora of the same age, so that already tlio 
vegetation of this period is beginning to be nearly half as rich 
as that of the coal-measures which have been studied for so 
much longer a time and over so much wider an area. The 
Psilopliyton above alluded to is believed by Dr. Dawson to be 
a lycopodiaceous plant, branching dichotomously (see P. pr bi- 
ceps (fig. 532), with stems springing from a rhizome, which 
last has circular arcoles, much resembling those of Stigmaria, 
and like it sending forth cylindrical rootlets. The extreme 
points of some of the branchlets are rolled up so as to resemble 
the crozicrs or circulate vernation of ferns ; the leaves or bracts, 
a, supposed to belong to the same jdant, are described by Daw- 
son as having enclosed the fructification. The remains of 
Pxilophyton pr biceps have been traced through all the members 
of the Devonian series in America, and Dr. Dawson has lately 
recognised it in specimens of Old Ited Sandstone from the north 
of Scotland. 

Tlio monotonous character of the Carboniferous flora might 
be explained by imagining that we have only the vegetation 
handed down to us of one set of stations, consisting of wide 
swampy flats. But Dr. Dawson supposes that the geographical 
conditions under which the Devonian jdants grew were more 
varied, and had more of an upland character. If so, the limi- 
tation of this more ancient flora represented by so many genera 
and species to the gymnospermous and cryptogamous orders, 
and the absence or extreme rarity of plants of higher grade, 
lead us naturally to speculate on the theory of progressive 
development, however difficult it may be to avail ourselves of 
this explanation. 

Devonian insects of Canada. — The earliest known insects 
were brought to light in 1805 in the Devonian strata of St. 
John’s, New Brunswick, and are referred by Mr. Scudder to 
four species of Ncuropteva. One of them is a gigantic Ephe- 
mera, and measured five inches in expanse of wing. 

Like many other ancient animals, says Dr. Dawson, they 
show a remarkable union of characters now found in distinct 
orders of insects, or constitute what havo been named ‘ synthe- 
tic types.’ Of this kind is a stridulating or musical apparatus 
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like that of the cricket in an insect otherwise allied to the 
Neuroptera. This structure, as Dr. Dawson observes if rightly 
interpreted by Mr. Scudder, introduces us to the sounds of the 
Devonian woods, bringing before our imagination the trill and 
hum of insect life that enlivened the solitudes of these strange 
old forests. 



455 


CHAPTER XXY1. 

SILURIAN GROUP. 

Classification of the Silurian rocks — Ludlow formation and fossils — Bone-bed 
of the Upper Ludlow — Lower Ludlow shales with Pentamerus — Oldest 
known remains of fossil fish — 'fable of the progressive discovery of verte- 
brata in older rocks — Wenloek formation, corals, evstideans, and trilobites 
— Llandovery group or beds of passage — Lower Silurian rocks — Caradoc 
and Bala Beds — Braohiopoda — Trilobites — Cyst idea* — Cl raptolites — Llan- 
deilo Flags — A renig or Stiper-stones group — Foreign Silurian equivalents 
in Europe — Barrande’s Silurian fauna — Silurian strata of the United 
States — Canadian equivalents — Amount of specific agreement of fossils 
with those of Europe. 

Classification of tlie Silurian rocks. — We come next in 
descending order to that division of Primary or Paheozoic rocks 
which immediately underlie the Devonian group of Old Red 
Sandstone. For these strata Sir Roderick Murchison first 
proposed the name of Silurian when he had studied and classi- 
fied them in that part of Wales and some of the contiguous 
counties of England which once constituted the kingdom of the 
Silurcs, a tribe of ancient Britons. The following table will 
explain the two principal divisions, Upper and Lower, of the 
Silurian rocks, and the minor subdivisions usually adopted, 
comprehending all the strata originally embraced in the Silurian 
system by Sir Roderick Murchison. The formations below the 
Arenig or Stiper-stones group are treated of in the next chapter, 
when the Cambrian group is described. 


UPPER SILURIAN ROCKS. 


1. Ludlow Formation : 

a. Upper Ludlow beds ..... 

b. Lower Ludlow beds ..... 

2. Wenlock Formation : 

a. Wenloek limestone and shale 

b. Woolhope limestone and shale, and Denbighshire grits 


Thickness 
in feet 
780 
. 1,050 


. above 
. 4,000 


3. Llandovery Formation (Beds of passage between Upper 
and Lower Silurian) : 

a . Upper Llandovery (May Hill beds) .... 800 

b. Lower Llandovery ..... COO — 1,000 
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LOWER SILURIAN ROCKS. Thickness 

in feet 

1. Bala and Ca it a doc Beds, including volcanic rocks . 12,000 

2. IjDANDKilo Flacjs, including volcanic rocks . . 4,500 

3. Aniixio on Stipe u-stonks Gitour, including volcanic 

rocks ....... above 10,000 


UPPER SILURIAN ROCKS. 

1. Inidlow Formation. — This member of the Upper Silurian 
group, as will be seen by the above table, is of great thickness, 
and subdivided into two parts — the Upper Ludlow and the 
Lower Ludlow. Each of these may be distinguished near the 
town of Ludlow, and at other places in Shropshire and Here- 
fordshire, by peculiar organic remains ; but out of more than 
500 species found in the Ludlow formation as a whole, not 
more than five species per cent, are common to the overlying 
Devonian. The student may refer to the excellent tables given 
in the last edition of Sir R. Murchison’s ‘ Siluria ’ for a list of the 
organic remains of all classes distributed through the different 
subdivisions of the Upper and Lower Silurian. 

.a. Upper Ludlow : Downton sandstone. — At the top of this 
subdivision there occur beds of fine-grained yellowish sandstone 
and hard reddish grits which were formerly referred by Sir R. 
Murchison to the Old Red Sandstone, under the name of 
e Tilestones. ’ In mineral character this group forms a transition 
from the Silurian to the Old Red Sandstone, the strata of both 
being conformable ; but it is now ascertained that the fossils agree 
in great part specifically, and in general character entirely, with 
those of the underlying Upper Ludlow rocks. Among these 
are Orthoceras bullatum, JPlatyschisma helicites , Bellerophon 
trilobatus , Chonetes lata , &c. , with numerous defences of fishes. 

These beds, therefore, now generally called the ‘ Downton 
Sandstone/ are classed as the newest member of the Upper 
Silurian. They are well seen at Downton Castle, near Ludlow, 
where they are quarried for building, and at Kington in Here- 
fordshire. In the latter place, as well as at Ludlow, crustaceans 
of the genera Pterygotus (for genus see fig. 513, p. 443) and 
Eurypterus are met with. 

Bone-bed of tlie Upper Ludlow. — At the base of the Downton 
{sandstones there occurs a bone-bed which deserves especial 
1 notice as affording the most ancient example of fossil fish occur- 
ring in any considerable quantity. It usually consists of one or 
two thin layers of brown bony fragments near the junction of 
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the Old Red Sandstone and the Ludlow rocks, and was first 
observed by Sir R. Murchison near the town of Ludlow, 
where it is three or four inches thick. It has since been traced 
to a distance of 45 miles from that point into Gloucestershire 
and other counties, and is commonly not more than an inch 
thick, but varies to nearly a foot. Near Ludlow two bone- 
beds are observable, with 14 feet of intervening strata full 
of Upper Ludlow fossils. 1 Immediately above the upper fish-' 
bed numerous small globular bodies have been found, wliich were 
determined by Dr. Hooker to be the sporangia of a cryptogamic 
land-plant, P achy theca sphterica , probably lycopodiaceous. 

Most of the fish remains have been referred by Agassiz to his 
placoid order, some of them to the gen us Onchus^ to .which the 
spine (fig. 533) may be referred. The minute scales (fig. 534) 


Fig. C53. 



Fig o:u. 

a 

fa 


On chits tcnuistriatus, Agass. 
Bone- bed. Upper Silurian ; Ludlow. 


Shagreen scales of a placoid 
fish, Thecudus Parcidens, Ag. 
Bom -bed. Upper Ludlow. 



may also belong to a placoid fish. It has been suggested, 
however, that Onchus may be one of those Acantliodian fish, 
referred by Agassiz to his Ganoid order, which fire so cha- 
racteristic of the base of the Old Red Sandstone in Forfarshire, 
although the species of the Old Red are all different from these 
of the Silurian beds now under consideration. Associated with 
■ these fish defences or lclithyodorulites, 
and closely resembling them, are nu- 
merous prongs or tail spines of large 
phyllopod crustaceans which have 
been and are still frequently mistaken 
for the dorsal spines of fish. The jaw 
and teeth of another predaceous genus, Plectrodns mirahilis (fig. 
535), have also been detected, together with some specimens of 
Pteraspis Ludensis. As usual in bone-beds, the teeth and bones 
are, for the most part, fragmentary and rolled. 

Grey Sandstone and Mudstone , c fic. — The next subdivision of 
the Upper Ludlow consists of grey calcareous sandstone, or very 
commonly a micaceous rock, decomposing into soft mud, and 
contains, besides the shells mentioned at p. 45G, Lingula cornea , 
Orthis orbicularis, a round variety of O. elegantula (fig. 536), 
Modiolopsis platyphylla, Grammysia cingulata, all characteristic 


Plectrodns mirabilis , Agass, 
Bone-bed. Upper Ludlow. 


1 Murchison’s Siluria, p. 140. 
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of the Upper Ludlow. The lowest or mudstone beds contain 
Phyncliondla navicula (fig. 537), which is common to this bed 


Fig. 536. Fig. 537. 



Or this elcgantula , Dalm. Rhynclioncllg, navicula , Sow. 

Vnr. Orbicularis, Sow. Upper Ludlow. Ludlow Beds. 

and the Lower Ludlow. As usual in Paheozoic strata older than 
the coal, the bracliiopodous or palliobrancliiate mollusca greatly 
outnumber the lamellibrancliiate (see p. 4G9) ; but the latter are 
by no means unrepresented. Among other genera, for example, 
we observed dev la and Ptcrinea, Cardiola , Ctenodonta ( sub-genus 
of Nncula ), O rflumota, Modiolopsis, and Pal war ca. 

Some of the Upper Ludlow sandstones are ripple-marked, 
thus affording evidence of gradual deposition ; and the same 
may be said of the accompanying fine argillaceous shales, which 
are of great thickness, and have been pro vinci ally named ‘mud- 
stones.’ Tn some of these shales stems of crinoidea are found 
in an erect position, having evidently become fossil on the spots 
where they grew at the bottom of the sea. The facility with 
which those rocks, when exposed to the weather, are resolved 
into mud, proves that, notwithstanding their antiquity, they 
are nearly in the state in which they were first thrown down. 

Lower Xiudlow Beds. — The chief mass of this formation con- 
sists of a dark grey argillaceous shale with calcareous concre- 


Fig. r»38. 



l\‘nt a merits Knightii . , Sow. Aymestry. J nat. size. 
a. View of both valves united. b. Longitudinal section through both 
valves, showing the central plates or septa. 

tions, having a maximum thickness of 1,000 feet. In some 
places, and especially at Aymestry in Herefordshire, a suberys- 
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talline and argillaceous limestone, sometimes 50 feet thick, 
overlies the shale. Sir It. Murchison classes this Aymestry 
limestone as holding an intermediate posi- FiR r) . }J) 
tion between the Upper and Lower Ludlow ; 
but Mr. Lightbody remarks that at Mocktrie 
near Leintwardine the Lower Ludlow shales, 
with their characteristic fossils, occur both 
above and below a similar limestone. This 
limestone around Aymestry and Sedgeley is 
distinguished by the abundance of Pentamerus ■ 

Knightii , Sow. (fig. 538), also found in the 1 
Wenlock limestone and shale. This genus of 
bracliiopoda was first found in Silurian strata, 
and is exclusively a pakeozoic form. The name 
was derived from pcnte , live, and pepor, 

mcros , a part, because both valves are divided by a central 
septum, making four chambers, and in one valve the septum 



Lingula Letcisii. 
Sow. 

Abberlcy II ills. 



llhunclioneUi (Tcrebratula) Wifsoni, Sow. Aymestry. 

itself contains a small chamber, making five. The size of these 
septa is enormous compared with those of any other bracliiopod 
shell ; and they must nearly have divided the animal into 

Fig. 541. 



Afri/pa reticularis , Linn. ( Terebratula affinis, Min. Con.). Aymestry. 
a. Upper valve. b. Lower valve. c. Anterior margin of the valves. 

two equal halves ; but they are, nevertheless, of the same 
nature as the septa or plates which are found in the interior 
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of Spirifera , Uncites , and many other shells of tliis order. 
Messrs. Murchison and De Verneuil discovered this sj^ecies 
dispersed in myriads through a white limestone of Upper 
I Silurian age, on the banks of the Is, on the eastern flank of 
the Urals in Russia, and a similar species is frequent in Sweden. 

Three other abundant shells in the Aymestry limestone are, 
1st, Lingula Lewisii (fig. 539) ; 2nd, Ithynchonella Wilsoni , 
Sow. (fig. 540), which is also common to the Lower Ludlow 
and Wenlock limestone; 3rd, Atrypa reticularis Linn. (fig. 

541), whicli’Tias a very wide range, 
being found in every part of the 
Upper Silurian system, and even 
ranging up into the Middle Devonian 
series. 

The Aymestry Limestone contains 
many shells, especially brachiopoda, 
corals, trilobites, and other fossils, 
amounting on the whole to 74 species, 
jail except three or four being common 
Jto the beds either above or below. 

1^’ The Lower Ludlow Shale contains, 
among other fossils, many large ce- 
rhrcujmoccrus Sow. phalopoda not known in newer rocks, 

(i vrthoceras rcutricosiiHi, stuin). as the 1 7< raqmoeeras of Broderip. and 
nicktrv . a iuii. a/e. the Lituitcs of Breyiiius (see figs. 542, 
543). The latter is partly straight and partly convoluted in a 
very flat spire. The Orthoceras Ludcnse (tig. 544), as well as 
the ceplialopod last mentioned, occurs in this member of the 
series. 

Fig. 513. Fig. 514. 


Fig. 542. 




Litmus (Trochon ras) (jnjaiiteus, J. Sow. Fragment of Orthoceras Ludcnse, 
Near Ludlow ; also in the Aymestry and J. Sow. 

Wenlock Limestones. ^ nat. size. Lcintwariline, Shropsliire. 


A species of Graptolite, G. priodon , Bronn. (fig. 554, p. 465), 
occurs plentifully in the Lower Ludlow. This fossil, referred, 
though somewhat doubtfully, to a form of liydrozoid or sertu- 
larian polyp, has not yet been met with in strata above the 
Silurian. . 
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Star-fisli, as Sir R. Murchison points out, are by no moans 
rare in the Lower Ludlow rock. These fossils, of which 6 
extinct genera are now known in the Ludlow series repre- 
sented by 18 species, remind us of various living forms now 
found in our British seas, both of the families Astcriadx and 
Ophiuridx. 


Dates of the Discovery of different Classes of Dossil Vertehrata ; 
showing the gradual progress made in tracing them to rocks of 
higher antiquity. 


Mammalia a 


Your Formations 

1798 — Upper Eocene . 

1818 — Lower Oolite . 


Avcs . 


[ 1847 — Upper Trias . 
r 1782 — Upper Eocene . 

| 1830 — Lower Eocene . 

J 18M— „ „ . 

I 1 855 — „ ,, . 


1 858 — Chloritic series or Upper 
sand. 


Geographical Localities 
. . Paris (fJypsum of 

Montmartre). 1 
. . Stonosfield. 3 

. . Stuttgart. 5 

. Paris (Gypsum of 

Montmartre). 4 
. . Isle of Slieppey (Lon- 

don Clay). 5 

. . Woolwich Beds. 0 

. . Mo.udon (Plastic 

Clay). 7 

Green- Cambridge. 8 


Peptilia 

(including 

Amphibia) 


Pisces 


b 1803— Up] >er Oolite . 

1810 — Permian (Zechstein) 
1844 — Carboniferous . 


. Solenliofcn. 9 
. Thuringia. 10 
. Snar brack, 
Trfeves. 11 

1700 — Middle Permian (Knpfcr-scliie- Thuringia. 13 
fer). 

1703 — Lower Carboniferous . . Glasgow. 15 

1828 — Devonian Caithness. 14 

1840 — Upper Ludlow. . . .Ludlow. 15 

1850 — Lower Ludlow. . . . Leiutwardine. 10 


1 CJ corge Cuvier, Bulletin Soc. Philom. xx. 

s In 1818, Cuvier, visiting the Museum of Oxford, decided on the mammalian 
character of a jaw from Stonosfield. Pec also above, p. 334. 

3 Plieninger, Prof. See alx>vo, p. 356. 

4 Cuvier, Ossemens Foss., Art. 4 Oiseaux.’ 

r> Owen, Prof., Gcol. Trans., 2nd series, vol. vi. p. 203. 1839. 

0 Upper part of the Woolwich beds. Prcstwieh, Quart. Gcol. Joum., vol. x. p. 157. 
’ (iastomis Pavisim&is. Owen, Quart. Gcol. .Tourn., vol. xii. p. 204. 1856. 

8 Coprolitic bed, in the Upper Greensand. See above, p. 283. 

” The Archaeopteryx, macruva , Owen. See above, p. 325. 

,H The fossil monitor of Thuringia ( I'rotorosaurm Speneri, V. Meyer) was figured 
by Spcner, of Berlin, in 1810. (Misoel. Berlin.) 

11 See above, p. 397. 

,a Memorabilia Saxonise Subterr., Leipsic, 1709. 

1 1 History of Rutherglen, by Itev. David Ure, 1793. 

14 Sedgwick and Murchison, Gcol. Trans., 2nd series, vol. iii. p. 141. 1828. 

,n Sir. R. Murchison. See above, p. 457. 

,n See p. 402. 

Obs. — The evidence derived from footprints, though often to be relied on, is omitted 
in the above table, as being less exact than that founded on bones and teeth. 


Oldest known fossil fish. — Until 1859 there was no example 
of a fossil fish older than the bone-bed of the Upper Ludlow ; 
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but ill that year a specimen of Pteraspis was found at Church 
Hill, near Leintwardine in Shropshire, by Mr. J. E. Lee of 
Caerleon, F. G. S. , in shale below the Aymestry limestone, asso- 
ciated with fossil shells of the Lower Ludlow formation — shells 
which differ considerably from those characterising the Upper 
Ludlow already described. This discovery is of no small in- 
terest as bearing on the theory of progressive development, 
j because, according to Professor Huxley, the genus Pteraspis 
' is allied to the sturgeon, and therefore by no means of low 
\ grade in the piscine class. 

It is a fact well worthy of notice that no remains of ver- 
tebrata have yet been met with in any strata older than the 
Lower Ludlow. 

When we reflect on the hundreds of Mollusks, Ecliinoderms, 
Trilobites, Corals, and other fossils already obtained from 
the Silurian formations, Upper, Middle, and Lower, we may 
well ask, whether any set of fossiliferous rocks newer in the 
series were ever studied with equal diligence, and over so vast 
an area, without yielding a single ichthyolite. Yet we must 
hesitate before we accept, even on such evidence, so sweeping a 
conclusion, as that the globe, for ages after it was inhabited by 
all the great classes of invertebrata, remained wholly untenanted 
by vertebrate animals. 

In the preceding Table (p. 401) a few dates are set before the 
reader of the discovery of different classes of animals in ancient 
rocks, to enable him to perceive at a glance how gradual has 
been our progress in tracing back the signs of vertebrata to for- 
mations of high antiquity. Such facts may be useful in warning 
us not to assume too hastily that the i>oint which our retrospect 
may have reached at the present moment can be regarded as 
fixing the date of the first introduction of any one class of 
beings upon the earth. 

2. Wenioek Formation. — We next come to the Wenlock 
formation, which has been divided (see Table, p. 455) into 
a , Wenlock Limestone and Wenlock shale, and b, Woolhope 
limestone and Denbighshire grits. 

a. Wenlock limestone . — This limestone, otherwise well known 
to collectors by the name of the Dudley Limestone, forms a con- 
tinuous ridge in Shropshire, ranging for about 20 miles from 
S.W. to N.E., about a mile distant from the nearly parallel 
escarpment of the Aymestry limestone. This ridgy prominence 
iB due to the solidity of the rock, and to the softness of the 
shales above and below it. Near Wenlock it consists of thick 
masses of grey subcrystalline limestone, replete with corals, 
encrinites, and trilobites. It is essentially of a concretionary 
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nature ; and the concretions, termed ‘ ball-stones 5 in Shropshire, 
are often enormous, even 80 feet in diameter. They are com- 
posed chiefly of carbonate of lime, tho 
surrounding rock being more or less 
argillaceous. 1 Sometimes in the Mal- 
vern Hills this limestone, according to 
Professor Phillips, is oolitic. 

Among the corals in which this for- 
mation is so rich, 53 species being 
known, the ‘ chain- coral/ sites 

catennlarins (fig. 545), may be pointed 
out as one very easily recognised, and 
widely spread in Europe, ranging 
through all parts of the Silurian group, 
from the Aymestry limestone to near 
the bottom of the Llandeilo rocks. 

Another coral, the Favosites Goth - 
landica (fig. 540), is also met witl* 
in profusion in large hemispherical 

masses, which break up into columnar and prismatic fragments, 
like that here figured (fig. 545, />). Another common form in the 
"Wenlock limestone is the Omj>hyrna turhinatum ( iig. 547), which, 



Fig. 540. 



Farosiles Gothlandiea, Lam. Ducllcj\ 

a. Portion of a large mass ; less than tlio 

natural size. 

b. Magnified portion, to show the pores and 

the partitions in the tubes. 


Fig. 547. 



Omphymct turhinatum, Linn. sp. 

( CyathophyUum , Goldf . ) 
Wenlock Limestone, Shropshire. 


like many of its modem companions, reminds us of some cup- 
corals ; but all the Silurian genera belong to the palmozoie type 
before mentioned (p. 425), exhibiting the quadripartite arrange- 
ment of the septal-lamellse within the cup. 

Among the numerous Crinoids, several peculiar species of 
Cyathocrinus (for genus, see figs. 48G, 487, p. 427) contribute 

1 Murchison’s Siluria, chap. vi. 
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their dismembered calcareous stems, arms, and cups towards the 
composition of the Wenlock limestone. Of Cystideans there are 
a few very remarkable forms, most of them peculiar to the Upper 
Silurian formation ; as, for example, the Pseudocrinites , which 
was furnished with pinnated fixed arms, 1 as represented in the 
annexed figure (fig. 548). 


Fig. 548. 



Pseudocrinites bifascialns, Pearce. Mtrophomena (Lrptcvna) deprcssa, Sow. 

Wenlock Limestone, Dudley. Wenlock anti Ludlow Rocks. 

The Brachiopoda are, many of them, of the same species a3 
those of the Aymestry limestone ; as, for example, Atrypa reti- 
cularis (fig. 541, p. 450), and tit rophomcua depressa (fig. 540) ; 
but the latter species ranges also from the Ludlow rocks, through 
the Wenlock shale, to the Caradoc sandstone. 



Calymene Blumenbachii, Phacops (Asaph us) caudatus, Sphcerexochus mirus, 
Brong. Brong. Beyrich ; coiled up, 

Ludlow, Wenlock, and Wenlock and Ludlow Rocks, Wenlock Limestone, 
Bala Beds. Dudley ; also found in 

Ohio, N. America. 


The Crustaceans are represented almost exclusively by Tri- 
lobites, which are very conspicuous, 22 being peculiar. The 


1 E. Forbes, Mem. Gool. Survey, vol. ii. p. 496. 
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Calymeue Blumenbacldi, called the ‘Dudley Trilobite,’ was 
known to collectors long before its true place in the animal 
kingdom was ascertained. It is often found coiled up like the 
common Oniscus or wood-louse, and this is so usual a circum- 
stance among certain genera of trilobites as to lead us to conclude 
that they must have habitually resorted to this mode of protect- 
ing themselves when alarmed. The other common species is 
the Phacops caudatus (. Asaphus candatus ), Brong. (see fig. 553), 
which is conspicuous for its large size and flattened form. 
Sphterexochus mirus (fig. 552) is almost globular when rolled up, 
the forehead or glabellum of this species being extremely in- 
flated. The Homalonotns , a form of Trilobite in which the tri- 
partite division of the dorsal crust is almost lost (see fig. 553), 
is very characteristic of this division of the Silurian series. 

Wenlock shale. — This, observes Sir R. Murchison, is infi- 
nitely the largest and most persistent member of the Wenlock 
formation, for the limestone often thins out 


and disappears. The shale, like the Lower 
Ludlow, often contains elliptical concretions 
of impure earthy limestone. In the Malvern 
district it is a mass of finely levigated argil- 
laceous matter, attaining, according to Pro- 
fessor Phillips, a thickness of G40 feet ; but it 
is sometimes more than 1,000 feet thick in 
Wales, and is worked for flagstones and 
slatos. The prevailing fossils, besides corals 
and trilobites, and some crinoids, are several 


Pig. 554. 




llomcilonotus rielphinoce- 
phafus, Konig. 


Graplolithus pviodon, Bronn. Wenlock Limestone, 

Ludlow and Wenlock Shales. Dudley Castle. 


small specios of Orthis, Cardiola , and numerous thin-shelled 
species of Orthoceratites. 

About six species of Graptolite , a peculiar group of sertularian- 
like fossilB before alluded to (p. 4G0) as being confined to 
Silurian rocks, occur in this shale. Of this genus, which is 
very characteristic of the Lower Silurian, I shall again speak in 
the sequel (p. 472). 

6. Woolhopc beds. — Though not always recognised as a separate 
subdivision of the Wenlock, the Woolhope beds which underlie 
the Wenlock shale are of great importance. Usually they occur 
as massive or nodular limestones, underlaid by a fine shale or 
flagstone ; and in other cases, as in the noted Denbighshire 
sandstones, as a coarse grit of very great thickness. This grit 

x 3 
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forms mountain ranges through North and South Wales, and is 
generally marked by the great sterility of the soil where it 
occurs. It contains the usual Wenlock fossils, but with the 
addition of some common in the uppermost Ludlow rock, such 
as Chonetes lata and Bellerophon trilobatus. The chief fossils 
of the Woolhope limestone are Ill&nus Barriensis, Homalonotus 
delpliinocephalus (fig. 553), Strophomcna imbrex , and Bhynchonella 
Wilfioni (fig. 540). The latter attains in the Woolhope beds an 
unusual size for the species, the specimens being sometimes 
twice as large as those found in the Wenlock limestone. 

In some places below the Wenlock formation there are shales 
of a pale or purple colour which near Tarannon attain a thick- 
ness of about 1,000 feet ; they can be traced through Radnor 
and Montgomery to North Wales, according to Messrs. Jukes 
and Aveline. By the latter geologist they have been identi- 
fied with certain shales above the May Hill Sandstone near 
Llandovery, but owing to the extreme scarcity of fossils their 
exact position remains doubtful. 

3. Xalandovery Group — Seda of Passage. — We now come 
to beds respecting the classification of which there has been 
much difference of opinion, and which in fact must be con- 
sidered as beds of passage between Upper and Lower Silurian. 
I formerly adopted the plan of those who class them as Middle 
Silurian ; but they are scarcely entitled to this distinction, since, 
after about 1,400 Silurian species have been compared, the 
number peculiar to the group in question only gives them an 
importance equal to such minor subdivisions as the Ludlow or 
Bala groups. I therefore prefer to regard them as the base of 
the Upper Silurian, to which group they are linked by more 
than twice as many species as to the Lower Silurian. By this 
arrangement the line of demarcation between the two great 
divisions, though confessedly arbitrary, is less, so than by any 
other. They are called Llandovery Rocks, from a town in 
South Wales in the neighbourhood of which they are well 
developed, and where, especially at a hill called Noeth Grtig, 
in spite of several faults their relations to one another can be 
clearly seen. 

a. Upper Llandovery or May Hill Sandstone. — The May Hill 
group, which lias also been named ‘ Upper Llandovery 1 by Sir 
R. Murchison, ranges from the west of the Longmynd to Builth, 
Llandovery, and Llandeilo, and to the sea in Marlow’s Bay, 
where it is seen in the cliffs. It consists of brownish and 
yellow sandstones with calcareous nodules, having sometimes a 
conglomerate at the base derived from the waste of the Lower 
Silurian rocks. These May Hill beds were formerly supposed to 



CH. XXV ij 


LLANDOVERY GROUP. 


467 


be part of the Caradoc formation, but their true position was 
determined by Professor Sedgwick 1 to be at the base of the 
Upper Silurian Proper. The more calcareous portions of the 
rock have been called the Pentamerus limestone, because Pentc t- 
merus oblongus (fig. 555) is very abundant in them. It is usually 


Fig. 555 . 



Pentamerus oblongus , Sow. Upper and Lower Llandovery bed 
a, b. Views of the shell itself, from figures in Murchison's ‘Sil. Syst.’ 

c. Cast with portion of shell remaining, and with the hollow of the central septum 

filled with spar. 

d. Internal cast of a valve, the space once occupied by the septum being repre- 

sented by a hollow in which is seen acastof the chamber within the septum. 

accompanied by P. (Strickland lima) lirata (fig. 550) ; both forms 
have a wide geographical range, being also met with in the 
same part of the Silurian scries in Russia and the United States. 


Fig. 55G. 



Stricllan din in ( Pen laments ) 
lirata, Sow. 


Fig. 557. 



Tentaculites anmilatus , Sc] dot. Interior casts 
in sandstone. Upper Llandovery, Eastnor 
Tark, near Malvern. 

Natural size and mtignified. 


About 228 species of fossils are known in the May Hill 
division, more than half oi which are Wenlock species. They 
consist of trilobites of the genera Illsenus and Cahjmcne ; Bra- 
chiopods of the genera Orthis , Atrypa , Leptcena , Pcv tamer us, 
Strophomena, and others ; Gastcropods of the genera Turbo , 


1 1858. Quart. Geol. Journ., vol. ix. p. 215. 
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Murchisonia (for genus, see fig. 676, p. 479), and Bellerophon ; 
also Pteropods of the genus Conularia. The Brachiopoda, of 
which there are 66 species, are almost all Upper Silurian. 

Among the fossils occurring in the May Hill shelly sandstone 
at Malvern, is Tentaculites annulatus (fig. 657), an annelid pro- 
bably allied to Scrpnla. 

Lower Llandovery Rocks. — Below the May Hill Group are the 
Lower Llandovery Rocks, which consist chiefly of hard slaty 
rocks, and beds of conglomerate from 600 to 1,000 feet in 
thickness. The fossils, which are somewhat rare in the lower 
beds, consist of 128 known species, only 11 of which are pecu- 
liar, 83 being common to the May Hill group above, and 93 
common to the rocks below. Stricklandinia ( Rentamerns ) levis, 
which is common to the Lower Llandovery, becomes rare in 
the Upper, while Pcntamems oblongus (fig. 566), which is the 
characteristic shell of the Upper Llandovery, occurs but seldom 
in the Lower. 


LOWER SILURIAN ROCKS. 


The Lower Silurian has been divided into, 1st, the Bala 
Group ; 2nd, the Llandeilo Flags ; and, 3rdly, the Arenig or 
Lower Llandeilo formation. 

Bala and Caradoc Beds. — The Caradoc sandstone was 
originally so named by Sir R. I. Murchison from the mountain 
called Caer Caradoc in Shropshire ; it consists of shelly sand- 
stones of great thickness, and sometimes containing much 
calcareous matter. The rock is frequently laden with the 
beafitiful trilobite called by Murchison Trinucleus conccntricns 
(see fig. 562, p. 470), which ranges from the base to the summit 
of the formation, usually accompanied by titrophomena grandis 


Fig. 558. 



Orth is tricenaria , 
Conrad. 

New York ; Canada. 
£ nat. size. 


Fig. 550. 



Orth is respcrtilio. Sow. 
Shropshire ; N. 
and S. Wales 
A nat. size. 


Fig. 5G0. 



Orthis ( StropJiomena ) grandis , 
Sow. ft nat. size. 
Caradoc Beds, Horderley, Shrop- 
shire ; and Coniston, Lancashire. 


(fig. 560) and Orthis vesper tilio (fig. 559), with many other 
fossils. 

Brachiopoda . — No tiling is more remarkable in these beds and 
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in the Silurian strata generally of all countries than the prepon- 
derance of Brachiopoda over other forms of mollusca. Their 
proportional numbers can by no means be explained by suppos- 
ing them to have inhabited seas of great depth, for the contrast 
between the palaeozoic and the present state of things has not 
been essentially altered by the late discoveries made in our 
deep-sea dredgings. We find the living Brachiopoda so rare as 
to form about one forty-fourth of the whole bivalve fauna ; 
whereas in the Lower Silurian rocks of which we are now about 
to treat, and where the Brachiopoda reach their maximum, they 
are represented by more than twice as many species as the 
Lamellibranchiate bivalves. 

There may, indeed, be said to be a continued decrease of the 
proportional number of this lower tribe of mollusca as we pro- 
ceed from older to newer rocks. In the British Devonian, for 
example, the Brachiopoda number 90, the Lamellibranchiata 
58 ; while in the Carboniferous their proportions are more 
than reversed, the Lamellibranchiata numbering 334 species, 
and the Brachiopoda only 357. In the Secondary or Mesozoic 
formations the preponderance of the higher grade of bivalves 
becomes more and more marked, till in the Tertiary or Cainozoic 
strata it approaches that observed in the living creation. 

While on tliis subject it may be useful to the student to 
know that a Brachiopod differs from ordinary bivalves, mussels, 
cockles, &c. , in being always equal-sided and never quite equi- 
valved ; the form of each valve being symmetrical, it may be 
divided into two equal parts by a line drawn from the apex to 
the centre or front of the margin. 

Trilobites . — In the Bala and Caradoc beds the trilobites reach 
their maximum, being represented by 111 species referred to 23 
genera. 

Burmeister, in his ,work on the organisation of trilobites, 
supposes that they swam at the surface of the water in the 
open sea and near coasts, feeding on smaller marine animals, 
and had the power of rolling themselves into a ball as a 
defence against injury. He was also of opinion that they 
underwent various transformations analogous to those of living 
crustaceans. M. Barraiule, author of an admirable work on 
the Silurian rocks of Bohemia, confirms the doctrine of their 
metamorphosis, having traced more than twenty species through 
different stages of growth from the young state just aftei its 
escape from the egg to the adult form. He has followed some 
of them from a point in which they show no eyes, no joints, or 
body rings, and no distinct tail, up to the complete form with 
the full number of segments. This change is brought about 
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before the animal has attained a tenth part of its full dimen- 
sions, and hence such minute and delicate specimens are rarely 
met with. Some of his figures of the metamorphoses of the 
common Trinucleus are copied in the annexed woodcuts (figs. 
561, 562). In 1870 Mr. Billings suspected, from the appearance 


Fig. 561. 


ah c 



Young individuals of Trinucleus con- 
centricus (T. ornatus , Barr.). 

a. Youngest state. Natural size and 

magnified : the body rings not 
at all developed. 

b. A little older. One thorax joint. 

e. Still more advanced. Three tho- 
rax joints. The fourth, fifth, 
and sixth segments arc succes- 
sively produced, probably each 
time the animal moulted its 
crust. 


Fig. 562. 



Trinucleus concentricus , Eaton. 
Syn. T. Cara eta ci. , Muroli. 
Ireland ; Wales ; Shropshire ; N. Ame- 
rica ; Bohemia. 


of a specimen found in Canada, that the trilobito was provided 
with eight legs ; but Professor Dana, having thoroughly ex- 


Fig. 563. 



ralcc.aster asperimus, Salt. 
Caradoc, Welshpool. 


Fig. 564. 


a 



b 


Edt inosph writes balticus Eichwald. 
(Of the family Cystidcce .) 

а. Mouth. 

б. Point of attachment of stem. 
Lower Silurian S. and N. Wales. 


amined the fossil, came to the conclusion that the organs were 
not legs, but the semi-calcified arches in the membrane of the 
ventral surface to which the foliaceous appendages or legs were 
attached . 1 


1 Nature, vol. iv. 1871, p. 152. 
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It has been ascertained that a great thickness of slaty and, 
crystalline rocks of South Wales, as well as those of Snowdon 
and Bala in North Wales, which were first supposed to be of 
older date than the Silurian sandstones and nmdstones of 
Shropshire, are in fact identical in age, and contain the same 
organic remains. At Bala in Merionethshire, a limestone rich 
in fossils occurs, in which two genera of star-fish, Protaster and 
Pal&aster , are found, the latter (fig. 563) being almost as un- 
compressed as if found just washed up on the sea-beach. Be- 
sides the star-fisli there occur many of those peculiar bodies 
called Oystidwe. They are the SpJurronites of old authors, and 
were considered by Professor E. Forbes as intermediate between 
the crinoids and echinodenns. The Echinospliec rites here re- 
presented (fig. 564) is characteristic of the Caradoc beds in 
Wales, and of their equivalents in Sweden and Russia. 

With it have been found several other genera of the same 
family, such as *S tyhscronites, Hemicosmites , Ac. Among the 
mollusca arc Pteropods of the genus Conularia of large size (for 
genus, see fig. 527, p. 4411). About 11 species of Graptolitcs are 
reckoned as belonging to this formation ; they are chiefly found 
in peculiar localities where black mud abounds. The forma- 
tion, when traced into South Wab's and Ireland, assumes a 
greatly altered mineral aspect, but still retains its characteristic 
fossils. The known fauna of the Bala group comprises 565 
species, 352 of which are peculiar, and 63, as before stated, 
are common to the overlying Llandovery rocks. It is worthy 
of remark that, when it occurs under the form of trappean tuff 
(volcanic ashes of De la Beclie), as in the crest of Snowdon, 
the peculiar species which distinguish it from the Llandeilo beds 
are still observable. The formation generally appears to be of 
shallow-water origin, and in that respect is contrasted with the 
group next to be described. Professor Ramsay estimates the 
thickness of the Bala beds, including the contemporaneous vol- 
canic rocks, stratified and unstratified, as being from 10,000 to 
12,000 feet. 

Llandeilo Flags . — The Lower Silurian strata were originally 
divided by Sir R. Murchison into the upper group already de- 
scribed under the name of Caradoc Sandstone, and a lower one, 

\ called, from a town in Caermarthensliire, the Llandeilo flags. 
The last-mentioned strata consist of dark-coloured argil- 
laceous and micaceous flags, frequently calcareous, with a great 
thickness of shales, generally black, below them. The same 
beds are also seen at Abereiddy Bay in Pembrokeshire and at 
Builth in Radnorshire, where they aro interstratified with 
volcanic matter. 
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A still lower part of tlie Llandeilo rocks consists of a black 
carbonaceous slate of great thickness, frequently containing sul- 
pliurct of iron, and sometimes, as in Dumfriesshire, beds of 
anthracite. It has been conjectured that this carbonaceous 
matter may be due in great measure to large quantities of em- 
bedded animal remains, for the number of Graptolites included 
in these slates was certainly very great. In Great Britain 15 
genera and about 00 species of Graptolites occur in the Llan- 
deilo Hags and underlying Arenig beds. The double Graptolites, 
or those with two rows of cells, such as Diplograjjsus (fig. 5GG), 
arc conspicuous. 


Fig. 6Cr». Fig. 5GG. 



Jiusf rites peregrinus , Barrnndc. 
Scotland ; Bohemia ; Saxony. 
Llandeilo flags. 


lJiplograpsus folium, Hisingcr. 
Dumfriesshire ; Sweden. 
Llandeilo flags. 


The Bracliiopoda of the Llandeilo flags, which number 
47 species, are in the main the same as those of the Caradoc 
Sandstone, but the other mollusca are mostly of different 
species. 

In Europe generally, as, for example, in Sweden and Russia, 
no shells are so characteristic of this formation as Orthocera- 
tites, usually of great size, and with a wide siphuncle placed on 
one side instead of being central (see fig. 5G9). Among other 
Cephalopoda in the Llandeilo flags is Cyrtoceras (see p. 482), a 
slightly curved Ortlioceras having the siphuncle on the dorsal 
edge ; in the same beds also are found Bellerophon (see fig. 497, 
p. 430) and some Pteropod sheila ( Conularia , Theca , &c.) ; also in 
spots where sand abounded lamellibranchiate bivalves of large 
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size. Tlio Crustaceans were plentifully represented by the 
Trilobites, which appear to have swarmed in the Silurian seas 


Fig. 5<;n. 



Orthoceras duplex. Wublonborg. Russia and Sweden. 

(From Murchison's * Siluria.’) 

a. Lateral siphnncle laid bare by the remoral of a portion of the chambered shell. 

b. Continuation of the same seen in a transverse section of the shell. 


just as crabs and shrimps do in our own ; no less than 203 
species have been found in the British Silurian fauna. The 
genera Asaphus (fig. 570), Oyygia (iig. 571) and Trinuclcns 


Fig. 570. 


Fig. 


571. 



Asaphus tyrannus, Murch. 
Llandcilo; Bishop’s Castle ; &c. 



Oyyrjia Jluchii, Bnrm. 

Syn. Amphus Huchii , Brongn. 
Builth, Radnorshire ; Llandcilo, 
C aermurthenshire . 


(p. 470) form a marked feature of the rich and varied Trilobitic 
fauna of this age. 

Beneath the black slates above described of the Llandeilo for- 
mation, graptolites are still found in great variety and abun- 
dance, and the characteristic genera of shells and trilobites of 
the Lower Silurian rocks are still traceable downwards, in 
Shropshire, Cumberland, and North and South Wales, through 
a vast thickness of shaly beds, in somo districts interstratilied 
with trappean rocks of contemporaneous origin ; these consist 
of tuffs and lavas, the tuffs being formed of such materials as 
are ejected from craters and deposited immediately on the bed 
of the ocean, or washed into it from the land. According to 
Professor Ramsay, their thickness is about 3,300 feet in North 
Wales, including those of the Lower Llandeilo about to be 
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described, and they also attain a great thickness in Pembroke- 
shire m South Wales. The lavas are felspathic, and of porphyritic 
structure, and, according to the same authority, of an aggregate 
thickness of 2,500 feet. * S 

Arenif or Stiper-Stones Group ( Lower Llandeilo of Mur- 
chison ). — Next in the descending order, and forming the base 

of the series, are the shales and 
sandstones in which the quartz- 
ose rocks called Stiper-Stones in 
Shropshire occur. Originally 
these Stiper-Stones were only 
known as arenaceous quartzose 
strata in which no organic re- 
mains were conspicuous, except 
the tubular burrows of annelids 
(see fig. 572, Arenicolites linearis ), 
which are remarkably common 
in the Lowest Silurian in Shrop- 
shire, the north-west Highlands 
of Scotland, and in the State of 
New York in America. They have already been alluded to as 
occurring by thousands in the white quartzose Lower Silurian 
strata unconformably overlying the Cambrian in the mountain 
of Queenaig in Sutherlandshire (see fig. 82, p. 89). I have seen 
similar burrows now made on the retiring of the tides in the 
sands of the Bristol Channel, near Mincliead, by lobworms 
which are dug out by fishermen and used as bait. When the 
term Silurian was given by Sir It. Murchison, in 1835, to the 
whole series, he considered the Stiper-Stones as the base of the 
Silurian system ; but no fossil fauna had then been obtained, 
such as could alone enable the geologist to draw a line between 
this member of the series and the Llandeilo flags above, or the 
vast thickness of rock below which was seen to form the Long- 
mynd hills, and was called ‘ unfossiliferous gray wacko.’ Pro- 
fessor Sedgwick had described, in 1843, strata now ascertained 
to be of the same age, as largely developed in the Arenig 
mountain in Merionethshire ; and the Skiddaw slates in the 
Lake-District of Cumberland, studied by the same author, were 
of corresponding date, though the number of fossils was, in both 
cases, too few for the determination of their true chronological 
relations. The subsequent researches of Messrs. Sedgwick and 
Harkness in Cumberland, and of Sir R. I. Murchison and the 
Government surveyors in Shropshire, have increased the species 
to more than sixty. These were examined by Mr. Salter, and 
shown in the third edition of ‘ Siluria ’ (p. 52, 1859) to be quite 


Pig. 572. 



A renicaUt . <s linearis, Hull. 
Arenig bods, Stipor-stones. 
a. Parting between tlie beds, or 
planes of bedding. 


It would be unsafe to rely on the mere thickness of the strata, 
considered apart from the great fluctuations in organic life which 
took place between the era of the Llandeilo and that of the 
Ludlow formation, especially as the enormous pile of Silurian 
rocks observed in Great Britain (in Wales more particularly) is 
derived in great part from igneous action, and is not confined 
to the ordinary deposition of sediment from rivers or the waste 
of cliffs. 

In volcanic archipelagoes, such as the Canaries, we see the 
most active of all known causes, aqueous and igneous, simulta- 
neously at work to produce great results in a comparatively 
moderate lapse of time. The outpouring of repeated streams of 
lava — the showering down upon land and sea of volcanic ashes 
— the sweeping seaward of loose sand and cinders, or of rocks 
ground down to pebbles and sand, by rivers and torrents de- 
scending steeply-inclined channels — the undermining and eating 
away of long lines of sea-cliff exposed to the swell of a deep and 
open ocean — these operations combine to produce a considerable 


1 Trans. Brit. Assoc. 18GG. Proc. Liverpool Geol. Soc. 1800. 
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volume of superimposed matter, without there being time for 
any extensive change of species. Nevertheless, there would 
seem to be a limit to the thickness of stony masses formed even 
under such favourable circumstances, for the analogy of tertiary 
volcanic regions lends no countenance to the notion that sedi- 
mentary and igneous rocks, 25,000, much less 45,000 feet thick, 
like those of Wales, could originate while one and the same 
fauna should continue to people the earth. Jf, then, wc allow 
that about 25,000 feet of matter may be ascribed to one system, 
such as the Silurian, as above described, we may be prepared to 
discover in the next series of subjacent rocks a distinct assem- 
blage of species, or even in great part of genera, of organic re- 
mains. Such appears to be the fact ; and I shall therefore 
conclude with the Arenig beds my enumeration of the Silurian 
formations in Great Britain, and proceed to say something of 
their foreign equivalents, before treating of rocks older than the 
Silurian. 

Silurian strata of the Continent of Surope. — When wo 
turn to the Continent of Europe, we discover the same ancient 
series occupying a wide area, but in no region as yet has it been 
observed to attain great thickness. Thus, in Norway and 
Sweden, the total thickness of strata of Silurian age is consi- 
derably less than 1,000 feet, although the representatives both 
of the Upper and Lower Silurian of England are not wanting 
there. In Russia the Silurian strata, so far as they are yet 
known, seem to be even of smaller vertical dimensions than in 
Scandinavia, and they appear to consist chiefly of the Llan- 
dovery group, or of a limestone containing Peutamervs oblongus , 
below which are strata with fossils corresponding to those of the 
Llandeilo beds of England. The lowest rock with organic re- 
mains yet discovered is 1 the Ungulite or Obolus grit * of 
St. Petersburg, probably coeval with the Llandeilo flags of 
AVales. 

The shales and grits near St. Petersburg, above alluded to, 
contain green grains in their sandy layers, and are in a singu- 
larly unaltered state, taking into account their high antiquity. 
The prevailing bracliiopods consist of the Obolus or Ungulite of 
Pander, also found in the Wenlock limestone of England, and 
a Siphonotreta , common to both the Upper and Lower Silurian 
of England (figs. 574, 575). 

Among the green grains of the sandy strata above mentioned, 
Prof. Ehrenberg announced in 1854 his discovery of remains 
of foraminifera. These are casts of the cells ; and amongst five 
or six forms three are considered by him as referable to existing 
genera (e. g. Tcxtularia , JRotalia , and Guttulina). 
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In the year 184G, as before stated, M. Joachim Barrande, 
after ten years’ exploration of Bohemia, and after collecting more 

Shells of the lowest known Fossiliferous Beds in Russia . 

Fig. 574. Fig. 575. 



Siphonotreta ungniculata , Eicbwalrt. 
From the Lowest Silurian ."ami 'tone 
‘ Obelus grits,’ of Petersburg. 

a. Outside of perforated valve. 

b. Interior of same, showing the termi- 

nation of the foramen within. 
(Davidson.) 



O'>olus A poll inis, Eichwald. 
From the same locality. 

a. Interior of the larger or ventral 

valve. 

b. Exterior of the upper (dorsal) 

valve. (Davidson, ‘ l’alm- 
ontograph, Monog.’) 


than a thousand species of fossils, had ascertained the existence 
in that country of three distinct faunas below the Devonian. 
To his first fauna, which was older than any then known in this 
country, lie gave the name of Etage 0 ; liis two first stages A 
and B consisting of crystalline and mctamorpliic rocks and 
unfossiliferous schists. This Etage C or primordial zone proved 
afterwards to be the equivalent of the Upper Cambrian, to be 
described in the next chapter. The second fauna, Etage D, 
tallies with Murchison’s Lower Silurian as originally defined by 
him when no fossils had been discovered below the Stiper- 
Stones. The third fauna, Etages E F G, agrees with the Upper 
Silurian of the same author. Barrande, without Government 
assistance, had undertaken single-handed the geological survey 
of Bohemia, the fossils previously obtained from that country 
having scarcely exceeded 20 in number, whereas lie had already 
acquired in 1850 no less than 1,100 species, namely, 250 
crustaceous (chietly Trilobites), 250 ceplialopods, IGOgasteropods 
and ptcropods, 130 acephalous mollusks, 210 brachiopods, and 
110 corals and other fossils. 

Subsequent researches of M. Barrande have raised the number 
of ceplialopods to 070 species and the Trilobites to nearly 400, 
while many of the other groups are almost doubled. So great 
is the number of ceplialopods in this Silurian fauna of Bo- 
hemia that it might truly be characterised as the age of ecplia- 
lopods. 

Silurian strata of tlie United states. — The Silurian forma- 
tions can be advantageously studied in the States of New York, 
Ohio, and other regions north and south of the great Canadian 
lakes. Here they are often found, as in Russia, nearly in hori- 
zontal position, and are more rich in well-preserved fossils than 
in almost any spot in Europe. In the State of New York, where 
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the succession of the beds and their fossils have been most 
carefully worked out by the Government surveyors, the sub- 
divisions given in the first column of the annexed list have been 
adopted. 


Subdivisions of the Silurian Strata of New I ork. ( Strata below 
the Oriskany Sandstone or base of the Devonian.) 

British Equivalents 


New York Names 

1. Upper Pentamerus Limestone 

2. Knerinal Limestone 
Delthyris Slialv Limestone 

4 . Pentamerus and Tentaeulite 
Limestones 

!>. Water Lime (Iroup 
fi. Onondaga Salt (iroup 

7. Niagara (iroup 

8. riinton Group 

9. Medina Sandstone 

10. Oneida Conglomerate 
31. Grey Sandstone 

12. Hudson 1 liver Group 
Id. Trenton Limestone 

11. lllaek-Uiver Limestone 
In. Hird's-Kye Limestone 

10. ('hazy Limestone 

17. C’aleiterous Sandstone 


Upper Silurian (or Ludlow and 
Wenlock Formations). 


1 

Beils of Passage, Llandovery Group. 

J 

| Lower Silurian (or C’aradoe and 

f ltala, Landeilo and Arenig 
Formations). 


In the second column of tlie same table I have added the 
supposed British equivalents. All paleontologists, European 
and American, such as MM. do Vcrneuil, D. Sharpe, Prof. 
Hall, E. Billings, and others, who have entered upon this 
comparison, admit that there is a marked general correspond- 
ence in the succession of fossil forms, and even species, as 
we trace the organic remains downwards from the highest to 
the lowest beds ; but it is impossible to parallel each minor sub- 
division. 

That the Niagara Limestone, over which the river of that 
name is precipitated at the great cataract, together with its 
underlying shales, corresponds to the Wenlock limestone and 
shale of England there can be no doubt. Among the species 
common to this formation in America and Europe are Cahjmene 
Blnmenbachii , Uomalonotus delphhtoaphalus (tig. 553, p. 4G5), 
with several other trilobites ; lthynchonella IVilsoni (fig. 540, 
p. 459), and Jidda cunvata ; Orth is elegantula , J'entamerus ga - 
Icatus , with many more brachiopods ; Orthoceras annulatnm , 
among the cephalopodous shells ; and Favosites Gothlandica, with 
other large corals. 

The Clinton Group, containing Pentamerus oblongus and 
Stricklandinia , and related more nearly by its fossil species with 
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the beds above than with those below, is the equivalent of the 
Llandovery Group or beds of passage. 

The Hudson River Group, and the Trenton Limestone, agree 
paleontologically with the Caradoc or Bala Group, containing in 
common with them several species of trilobites, such as A sap] ms 
( Isotelns ) <) iyas, Trinncleus conccntricMs (fig. 502, p. 470) ; and 
various shells, such as Orthis striatula , Orthis biforata (or 0. 
lynx), O. porcata ( O . occ.ideniaUs of Hall), and Ik Her opium, 
bilobatus. In the Trenton limestone 
occurs Mnrchisonia gracilis (fig. 570), a 
fossil also common to the Llandeilo beds 
in England. 

Mr. D. Sharpe, in his report on the 
mollusca collected by me from these 
strata in North America 1 concluded that 
the number of species common to the 
Silurian rocks on both sides of the At- 
lantic was between 50 and 40 per cent. ; a 
result which, although no doubt liable to 
future modification, when a larger com- 
parison shall have been made, proves, 
nevertheless, that many of the species had a wide geographical 
range. It seems that comparatively few of the gasteropods and 
lamellibranchiate bivalves of North America can be identified 
specifically with European fossils, while no less than two-tiftlis 
of the bracliiopoda, of which my collection chiefly consisted, are 
the same. In explanation of these facts, it is suggested that most 
of the recent braeliiopods (especially the ortliidiform ones) are 
inhrd. itants of deep water, and that they may have had a wider 
geographical range than shells living near shore. The predomin- 
ance of bivalve mollusca of this peculiar class has caused the 
Silurian period to be sometimes styled 1 the age of braeliiopods.’ 

In Canada, as in the State of New York, the Potsdam Sand- 
stone underlies the above-mentioned calcareous rocks, but con- 
tains a different suite of fossils, as will be hereafter explained. 
In parts of the globe still more remote from Europe the Silurian 
strata have also been recognised, as in South America, Australia, 
and India. In all these regions the facies of the fauna, or the 
types of organic life, enable us to recognise the contemporaneous 
origin of the rocks ; but the fossil species are distinct, showing 
that the old notion of a universal diffusion throughout the 
‘ primaeval seas ’ of one uniform specific fauna was quite un- 
founded, geographical provinces having evidently existed in the 
oldest as in the most modern times. 

1 Quart. Geol. Joum,, vol. vi. 


Fig. 576*. 



Af tnr/i ixon ht r/racil in, 
JIu'l. 

A fossil nluir;iotorisfcio of 
tlio Trenton I_... 
Thogenns is common in 
Lower Silurian rocks. 



480 


CHAPTER XXVII. 

CAMBRIAN AND LAURENTIAN GROUPS. 

Classification ofthe Cambrian group, and its equivalent in Bohemia — Upper 
Cambrian rocks — Tremailoe slates and their fossils — Lingula Flags — 
Lower Cambrian rocks — Menevian Beds — Longinynd group — Harlech 
grits with large Trilobites — Llnnberis slates — Cambrian rocks of Bohemia 
— Primordial zone of Barrande — Metamorphosis of Trilobites — Cambrian 
Locks of Sweden and Norway — Cambrian Locks of the United States and 
Canada — Potsdam sandstone — Iluronian series — Laurentian group, upper 
and lower — Eozoon Canademe , oldest known fossil — Fundamental gneiss 
of Scotland. 


CAMBRIAN GROTJF. 

Tiie characters of tlic Upper and Lower Silurian rocks were 
established so fully, both on strati graphical and paleontological 
data, by Sir Roderick Murchison after five years’ labour, in 
1830, when his ‘ Silurian System ’ was published, that these 
formations could from that period he recognised and identified 
in all other parts of Europe and in North America, even in 
countries where most of the fossils differed specifically from 
those of the classical region in Britain, where they were first 
studied. 

While Sir R. I. Murchison was exploring in 1833 in Shrop- 
shire and the borders of Wales the strata which in 1835 he first 
called Silurian, Professor Sedgwick was surveying the rocks of 
North Wales, which both these geologists considered at that 
period as of older date, and for which in 1836 Sedgwick proposed 
the name of Cambrian.’ It was afterwards found that a large 
portion of the slaty rocks of North Wales which had been con- 
sidered as more ancient than the Llandeilo beds and Stipcr- 
Stones before alluded to, were, in reality, not inferior in posi- 
tion to those Lower Silurian beds of Murchison, but merely 
extensive undulations of the same, bearing fossils identical in 
species, though these were generally rarer and less perfectly 
preserved, owing to the changes wliich the rocks had undergone 
from metamorphic action. To such rocks the term 6 Cambrian ' 
was no longer applicable, although it continued to be appro- 
priate to strata inferior to the Stiper-Stones, and which were 
older than those of the Lower Silurian group as originally 
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defined. It was not till 1846 that fossils were found in Wales 
in the Lingula flags, the place of which will be seen in the 
annexed table. By this time Barrande had already published 
an account of a rich collection of fossils which he had discovered 
in Bohemia, portions of which he recognised as of corresponding 
age with Murchison’s Upper and Lower Silurian, while others 
were more ancient, to which he gave the name of c Primordial,’ 
for the fossils were sufficiently distinct to entitle the rocks to 
be referred to a new and earlier period. They consisted chiefly 
of trilobites of genera distinct from those occurring in the over- 
lying Silurian formations. These peculiar genera were after- 
wards found in rocks holding a corresponding position in Wales, 
and I shall retain for them the term Cambrian, as recent 
discoveries in our own country seem to carry the first fauna of 
Barrande, or his primordial type, even into older strata than 
any which ho found to be fossiliferous in Bohemia. 

The term primordial was intended to express M. Barrande’s 
own belief that the fossils of the rocks so called afforded evi- 
dence of the first appearance of vi tal phenomena on this planet, 
and that consequently no fossiliferous strata of older date would 
or could ever be discovered. Tlio acceptance of such a nomen- 
clature would seem to imply that we despaired of extending our 
discoveries of new and more ancient fossil groups at some future 
day when vast portions of the globe, hitherto unexplored, 
should have been thoroughly surveyed. Already the discovery 
of the Laurontian Eozoon in Canada, presently to be mentioned, 
discountenances such views. 

The following table will show the succession of the strata in 
England and Wales which belong to the Cambrian group, or the 
fossiliferous rocks older than the Arcnig or Lower Llandeilo rocks. 


UPPER CAMBRIAN. 

TREMADOC SLATES. ( Primordial of Barrande in part.') 
LINGULA flags. ( Primordial of Barrande.) 

LOWER CAMBRIAN. 


MENEVIAN BUDS. 
LONGMYND CROC I 


( Primordial of Barrande.) 
( a. Tlarlec.h Grits. 

| b. Llanberis Slates. 


UPPER CAMBRIAN. 

Tremadoc Slates. — The Tremadoc slates of Sedgwick are 
more than 1,000 feet in thickness, and consist of dark earthy 
slates occurring near the little town of Tremadoc, situated on 
the north side of Cardigan Bay in Carnarvonshire. These 
grey rocks and slates wore first examined by Sedgwick in 1831, 

Y 
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and were re-examined by him and described in 184C. 1 They 
were traced by their pisolitic ore from Tremadoc to Dolgelly, but 
no peculiar fossils were then observed in them, though some 
organic remains had been found in the underlying Lingula flags 
by Mr. Davis. 08 species of all classes have now, however, been 
found in the Tremadoc slates, thanks to the researches of Messrs. 
Salter, Homfray, Hicks, and Ash, and of these 00 arc peculiar, 
only 4 passing uj> into higher strata, thus exhibiting a line of 
demarcation between the Silurian and Cambrian formations 
greater than any yet recognised in the Paleozoic series. We 
have already seen that in the Arenig or Stiper-stones group, 
where the species are distinct, the genera agree with Silurian 
types ; but in these Tremadoc slates, where the species are 
also peculiar, there is about an equal admixture of Silurian 
types with those which Barrande has termed 6 primordial.’ 
Here, therefore, it may truly be said that we are entering upon 
a new domain of life in our retrospective survey of the past. 
The trilobites of new species, but of Lower Silurian genera, 
belong to Ogggla, Amplms, and (Iheirurus ; whereas those 
belonging to primordial types, or Barrande’s first fauna, as well 
as to the Lingula flags of Wales, comprise Dihclocephalus, 
I<’i g. r> . Fig. 578. 



a. Dorsal edge, place of siphuncle. 

b. Aperture. r. Ventral edge. 



Theca {Chi do theca) 
operculata. 

Lower Tremadoc beds, 
Tremadoc. 


Conocoryphe (for genera see figs. 587 and 591), 2 Olcnns , and Ange- 
lina. The genus Bellcrophon is represented in the Tremadoc 
slates by species different to those found in the Lower Silurian : 
the Pteropods Theca (tig. 578), and Conularia range throughout 
these slates, but there are no Graptolites. The Lingula ( Lingu- 
Iclla ) Davisii ranges from the top to the bottom of the formation, 
and links it with the zone next to be described. The Tremadoc 


1 Geol. Quart. Journ., vol. iii. for Barrande’s Conocephalus , as the 
p. 156. latter term had been preoccupied by 

8 This genus has been substituted the entomologists. 
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beds were formerly supposed to be confined to a small part of 
North Wales, but more lately beds of the same age have been 
discovered and thoroughly investigated by Dr. Hicks at St. 
David’s promontory and Ramsey Island, South Wales. He 
states that they rest conformably on the Lingula flags, and 
usually graduate by insensible degrees into them. 1 12 species 
of Lamellibranchiata occur in the Tremadoc beds of Ramsey 
Island, and tliis is at present the earliest formation in which 
they are found. Two genera, Giyptarca and JJavidia , are new. 
The Echinoderms are represented by a beautiful star-fish of the 
genus Palastcruta and by an Enorinite of the genus Dendro- 
crinus . 2 Cephalopoda have not yet been found lower than this 
group, and only two peculiar species, (h/rtoceras precox (fig. 
577) and Orthoceras Ncriceum, are known here. 

Xilngrula Flag’s. — Next below the Tremadoc slates in North 
Wales, lie micaceous flagstones and slates, in which in 1846, 
Mr. E. Davis discovered the Litujula ( Lhtgulelht ) (fig. 580) named 


Fig. r>7!>. Fig. fiS'J. Fig. 581. 



Uynienocavis rennicituda , Lhujuh lla Ihteisii , Olenust micrurus , 

Salter. M‘Coy. Salter. 

A rhyllopod Crustacean. a. i natural size. £ natural size. 

$ natural size. l>. Distorted by cleavage. 

‘ Lingula Flags ’ of Dolgclly, and Ffestiniog ; N. Wulo 

after him, and from which was derived the name of Lingula 
flags. These beds, which are paleontologically the equivalents of 
Barrande’s primordial zone, are represented by more than 5,000 
feet of strata, and have been studied chiefly in the neighbour- 
hood of Dolgelly, Ffestiniog, and Portmadoc in North Wales, and 
also at St. David’s in South Wales. They have yielded about 
35 species of fossils, of which. six only are common to the 
overlying Tremadoc rocks, but the two formations are closely 
allied by having several characteristic primordial 7 genera in 
common. JJlhcloccjdudus, Paradoxides , Olenus (tig. 581), and 
ConocorypJie are prominent forms, as is also Hymenocaris (fig. 
579), a genus of phyllopod crustacean entirely confined to the 
Lingula Flags. According to Mr. Belt, who has devoted much 

1 Hicks, Proc. of Geol. Assoc., vol. iii. No. 3., 1873. 

2 Hicks, Quart. Geol. Joum., vol. xxix. p. 42. 

v 2 
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attention to tlieso beds, there are already paleontological data 
for subdividing the Lingula Flags into three sections, 1 the 
Dolgelly, Ffestiniog, and Macntwrog groups. 

In Merionethshire, according to Professor Ramsay, the Lin- 
gula Flags attain their greatest development ; in Carnarvonshire, 
they thin out so as to have lost two-thirds of their thickness in 
eleven miles, while in Anglesea and on the Menai Straits both 
they and the Tremadoc beds are entirely absent, and tho 
Lower Silurian rests directly on Lower Cambrian Btrata. 

LOWER CAMBRIAN. 

Menevlan Beds. — Immediately beneath the Lingula Flags 
there occurs a series of dark grey and black flags and slates alter- 
nating at the upper part with some beds of sandstone, the whole 
reaching a thickness of from 500 to GOO feet. These beds were 
formerly classed, on purely lithological grounds, as the base 
of the Lingula Flags, but Messrs. Belt, Hicks, and Salter, 2 to 
whose exertions we owe almost all our 
knowledge of tho fossils, have pointed 
out, that the most characteristic genera 
found in them are quite unknown in tho 
Lingula Flags, while they possess many 
genera, such as Microdiscus and Para - 
( loxidcs , characteristic of the underlying 
Longmynd Group. They therefore pro- 
posed to x>laec them, .and it seems to me 
with good reason, at the fop of the Lower 
Cambrian under the term ‘ Mencvian,’ 
Monevia being the classical name of St. 
David’s. The beds are w T ell exhibited in 
the neighbourhood of St. David’s in South 
Wales, and near Dolgelly and Maentwrog 
in North Wales. They are the equivalents 
of Ftage C of Barrande’s Primordial Zone. 

*P(;raiio.nutj Danais, L.At. 52 species have been found in them, and 

Jh'm'viun in (K the group is altogether very rich in fossils 

Ft. David's ard DuVelly. 

common to the overlying Lingula Flags, but none pass up 
to the Tremadoc beds. The trilobites are of large size ; Para - 
doxides Davidis (sec fig. 582), the largest trilobite known in 
Great Britain, 22 inches or nearly 2 feet long, is peculiar to the 

1 Ocol. Mcg.,vols. iv. nndv., 18G7 1SGG, 18G8, and Quart. Geol. Journ., 
and 1 8G8. vols. xxi. xxv. 

* British Association Kcport, 18G5, 
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Menevian beds. By referring to the Bohemian trilobite of the 
same genus (fig. 580, p. 487), the reader will at once see how 
these fossils (though of such different dimensions) resemble each 
other in Bohemia and Wales, and other closely allied species 
from the two regions might be added, besides some which are 
common to both countries. The Swedish fauna, presently to be 
mentioned, will be found to be still more nearly connected with 
the Welsh Menevian. In all these countries there is an equally 
marked difference between the Cambrian fossils and those of the 
Upper and Lower Silurian rocks. The trilobite with the largest 
number of rings, Brinnya vcnulosa , occurs here in conjunction 
with A c/nodus and Microdiscus, the two genera with the smallest 
number. Blind trilobitos arc also found as well as those which 
have the largest .eyes, such as Micro/ Hants on the one hand, and 
Anopolcnus on the other. 


LONGMYND group. 

Older than the Menevian Beds, are a thick series of olive 
green, purple, red and grey grits and conglomerates found in 
North and South Wales, Shropshire, and parts of Ireland and 
Scotland. They have been called by Professor Sedgwick the 
Longmynd or Bangor Group, comprising, first, the Harlech and 
Barmouth sandstones ; and secondly, the Llanberis slates. 

Harlech grits and Xilanberis slates.— The sandstones of 
this period attain in the Longmynd hills a thickness of no less 
than G,000 feet without any interposition of volcanic matter ; in 
some places in Merionethshire they are still thicker. Until 
recently these rocks possessed but a very scanty fauna. 



Jiistioilerma Ilibernica (Kin.). Oldham'a beds. Rr;iy Heart, Ireland . 

1. Showing opening of burrow, and tube with w rinklings or crossing ridges, 

probably produced by a tentacled sea worm or annelid. 

2. Lower and curved extremity of tube with five transverse lines. 

With the exception of five species of annelids brought to 
light by Mr. Salter in Shropshire, and Dr. Kinahan in 
Wicklow, and an obscure form of trilobite. Palseopyge Bam- 
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sayij they were supposed to be barren of organic remains. 
Now, however, through the labours of Mr. Hicks, 1 they have 
yielded at St. David’s a rich fauna of trilobitcs, brachiopods, 
phyllopods, and ptcropods, showing together with other fossils, 
a by no means low series of organisms at this early period. 
Already the fauna amounts to 25 species referred to 17 genera ; 
of these 12 genera and 8 species are common to the Menevian 
Group, ‘a proportion/ says Mr. Hicks, ‘far greater than we 
usually iind between two groups so dissimilar in lithological 
characters and comprising so great a thickness of strata. 

A new genus of trilobite, called Plutonia Scdgicickii by Dr. 
Hicks, has been met with in the Harlech grits of St. David’s. 


Fi g. 


r>s i . 



OUlhamia radiata , Forbes. 
Wicklow, Ireland. 


Fig. 585. 



Otdhmuia <odi</ua, Forbes. 
■Wicklow, Ireland. 


It is comparable in size to the large Parodoxidcs Davldis before 
mentioned, has well-developed eyes, and is covered all over 
with rough tubercles. In the same strata occur other genera 
of trilobites, namely, Conoeoryphc, Paradoxidcs, Microdiscus , and 
the Pteropod Theca (fig. 578), all represented by species peculiar 
to the Harlech grits of that area. The sandstones of this for- 
mation are often rippled, and were evidently left dry at low 
tides, so that the surface was dried by the sun and made to 
shriuk and present sun-cracks. There are also distinct impres- 
sions of raindrops on many surfaces, like those figured at 
p. 409. Fossils occur yet earlier in the Harlech group of St. 
David’s in the lower Red Shales that immediately overlie 
the conglomerate and liomstone series. The only forms yet 
found are Lingulella ferruginea , L. primeeva , and Leperditia 
pi'imseva, and these constitute the earliest life (with the exception 

1 Brit. Assoc. Report, 1868., 
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of Eozoon, presently to be mentioned) yet met with. The suc- 
ceeding 1,500 feet of greenish yellow and green-and-red sand- 
stones have yielded no organic remains. 

The slates of Llanberis and Pcnrhyn in Carnarvonshire, with 
their associated sandy strata, attain a great thickness, sometimes 
about 3,000 feet. They are perhaps not more ancient than the 
Harlech and Barmouth beds last mentioned, for they may 
represent the deposits of fine mud thrown down in the same sea, 
on the borders of which the sands above mentioned were accu- 
mulating. In some of these slaty rocks at Bray Head in Ireland, 
immediately opposite Anglesea and Carnarvon, two species of 
fossils have been found, to which the late Professor E. Forbes 
gave the name of Oldhamia. The nature of these organisms is 
still a matter of discussion among naturalists. 

Cambrian rocks of Bohemia (Primordial zone o f Barra) id c). 
— We have already seen when treating of the Silurian strata of 
Bohemia, p. 447, that in the year 184(> Barrande gave the name of 
Etage C to the earliest fauna discovered by him in that country. 


Fossils of the lowest Fossilifcrous Beds in Bohemia, or ‘ Primordial Zone ' of Barrande. 
Fig. 58G. Fig. 587. 


Conoco ryphe striata, Syn. 
Conocephalus slriatas , lli mu rich. 

£ natural size. Ginetz and Kkrey. 

Fig. 588. Fig. 58‘J. 


8 


Agnostics integer, Bey rich. Agnostics Rex , Barr. 

Nat. size and magnified. Nat. size, Skrey. 

This Ictage C or primordial zone is now proved to be the equiva- 
lent of those subdivisions of the Cambrian groups which have 
been above described under the names of Menevian and Lingula 
Flags. In it M. Barrande found in Bohemia trilobites of the 
genera Paradoxides , Conocoryplie , Ellipsocephalus, tiao, Arionel- 
lus , Hydrocephalus , and Agnostus. M. Barrande pointed out 
that these primordial trilobites have a peculiar facies of their 





Paradoxides Bohemicus, Barr. 
About A natural size. 
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own, dependent on tlie multiplication of their thoracic segments 
and the diminution of their caudal shield or pygidium. 


Fig. 5D0. 



Sao Mrsuia , Barrandr, in its various 
stages of growth. 


TIio small lint's beueatli indicate tliotrac 
size, in the youngest state, a, no 
segments are visible ; as the metamor- 
phosis progresses, b, c, the hotly seg- 
ments begin to be developed ; in the 
stage <1 the eyes are introdnceil, but 
the facial sutures aro not completed ; 
at e the full-grown animal, half its 
true size, is shown. 


One of the ‘ primordial ’ or Upper Cambrian Trilobites of the 
genus Sao, a form not found as yet elsewhere in the world, 
afforded M. Barrande a fine illustration of the metamorphosis 
of these creatures, for he traced them through no less than 
twenty stages of their development. A few of these changes 
have been selected for representation in the accompanying 
figures, that the reader may learn the gradual manner in which 
different segments of the body and the eyes make their appear- 
ance. 

In Bohemia the primordial fauna of Barrande derived its 
importance exclusively from its numerous and peculiar trilo- 
bites. Besides these, however, the same ancient schists have 
yielded two genera of braohiopods, Orthis and Orbicula, a 
ptoropod of the genus Tluca , and four echinoderms of the 
Cystidcan family. 

Cambrian of Sweden and Norway. — The Cambrian beds 
of Wales are represented in Sweden by strata, the fossils of 
which have been described by a most able naturalist, M. 
Angelin, in his ‘ Palmontologica Suecica (1852-4 ). 9 The 1 alum- 
schists/ as they are called in Sweden, are horizontal argillaceous 
rocks which underlie conformably certain Lower Silurian strata 
in the mountain called Kinnekulle, south of the great Wener 
Lake in Sweden. These schists contain trilobites belonging to 
the genera Paradoxidcs , Olcnus , Aynostus, and others, some of 
which present rudimentary forms, like the genus last mentioned, 
without eyes, and with the body segments scarcely developed, 
and others again have the number of segments excessively mul- 
tiplied, as in Paradoxidcs. Such peculiarities agree with the 
characters of the crustaceans mot with in the Cambrian strata 
of Wales, and Dr. Torell has recently found in Sweden the 
Paradoxidcs Hicksii , a well-known Lower Cambrian fossil. 

At the base of the Cambrian strata in Sweden, which in the 
neighbourhood of Lake Wener are perfectly horizontal, lie 
ripple-marked quartzose sandstones with worm tracks and 
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annelid borings, like some of those found in the Harlech grits 
of the Longmynd. Among these are some which have been 
referred. doubtfully to plants. These sandstones have been called 
in Sweden ‘fucoid sandstones.’ The whole thickness of the Cam- 
brian rocks of Sweden does not exceed 300 feet from the equiva- 
lents of the Tremadoc beds to these sandstones, which last seem 
to correspond with the Longmynd and are regarded by Torell 
as older than any fossiliferous primordial rocks in Bohemia. 

Cambrian of tbe United States and Canada ( Fotsdam 
Sandstone ). — This formation, as we learn from Sir W. Logan, is 
700 feet thick in Canada ; the upper part consists of sandstone 
containing fucoids, and perforated by small vertical holes, 
which arc very characteristic of the rock, and appear to have 
been made by annelids ( Scolitfms linearis). The lower portion 
is a conglomerate with quartz pebbles. I have seen the Potsdam 


sandstone on the banks of the St. Lawrence, and on the borders 
of Lake Champlain, where, as at Keesville, it is a white quartz- 
ose line-grained grit, almost passing into quartzite. It is di- 
vided into horizontal ripjde-marked beds, very like those of the 
Lingula Flags of Britain, and replete with a small round-shaped 
Obolella, in such numbers as to divide the rock into parallel 


planes, in the same manner as do the 
scales of mica in some micaceous sand- 
stones. Among the shells of this for- 
mation in Wisconsin are species of 
Lingula and Orthis , and several trilo- 
bites of the primordial genus Dikclo- 
cephalus (fig. 591). On the banks of 
the St. Lawrence, near Beauharnois 
and elsewhere, many fossil footprints 
have been observed on the surface of 
the rippled layers. They are supposed 
by Professor Owen to be the trails of 
more than one species of articulate 
animal, probably allied to the King 
Crab, or Limulus. 

Recent investigations by the natu- 
ralists of the Canadian survey have 
rendered it certain that below the 


Fig. 51)1. 



Dikdoeepha his Mi » n eso fen sis , 
Dale Owe*'. 4 diameter. 

A large crustacean of the Ole 
noid group. Totsdam Sand 
stone. Falls of St. Croix, on 
the upper Mississippi. 


level of the Potsdam Sandstone there are slates and scliists 


extending from New York to Newfoundland, occupied by a 
series of trilobitic forms similar in genera though not in species 
to those found in the European Upper Cambrian strata. 

Huronian aeries. — Next below the Upper Cambrian occur 
strata called the Huronian by Sir W. Logan, which are of vast 
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thickness, consisting chiefly of a quartzite, with great masses of 
greenish chloritic slate, which sometimes include pebbles of cry- 
stalline rocks derived from the Laurentian formation,. next to 
be described. Limestones are rare in this series, but one band 
of 300 feet in thickness has been traced for considerable dis- 
tances to the North of Lake Huron. Beds of greenstone are 
intercalated conformably with the quartzose and argillaceous 
mombors of this series. No organic remains have yet been 
found in any of the beds, which are about 18,000 feet thick, and 
rest unconformably on the Laurentian rocks. 


LAURENTIAN OROUP. 

In the course of the geological survey carried on under the 
direction of Sir W. E. Logan, it has been shown that, north- 
ward of the river St. Lawrence, there is a vast series of crystal- 
line rocks of gneiss, mica-schist, quartzite, and limestone, more 
than 30,000 feet in thickness, which have been called Lauren- 
tian, and which are already known to occupy an area of about 
200,000 square miles. They are not only more ancient than 
the fossiliferous Cambrian formations above described, but are 
older than the Huronian last mentioned, and had undergone 
great disturbing movements before the Potsdam sandstone and 
the other ‘primordial’ or Cambrian rocks were formed. The 
older half of the Laurentian series is un conformable to the 
newer portion of the same. 

Upper Xiaurentlan or Labrador series. — The Upper Group, 
more than 10,000 feet thick, consists of stratified crystalline 
rocks in which no organic remains have yet been found. They 
consist in great part of felspars, which vary in composition from 
anorthite to andesine, or from those kinds in which there is 
less than one per cent, of potash and soda to those in which 
there is more than seven per cent, of these alkalies, the soda 
preponderating greatly. These felsparites sometimes form 
mountain masses almost without any admixture of other mine- 
rals ; but at other times they include augite, which passes into 
hypersthene. They are often granitoid in structure. One of 
the varieties is the same as the iridescent labradorito rock of 
Labrador. The Adirondack Mountains in the State of New 
York are referred to the same series, and it is conjectured that 
the hypersthene rocks of Skye, which resemble this formation 
in mineral character, may be of the same geological age. 

lower Xiaurentlan. — This series, about 20,000 feet in thick- 
ness, is, as before stated, unconformable to that last mentioned ; 
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it consists in great part of gneiss of a reddish tint with ortho- 
clase felspar. Beds of nearly pure quartz, from 400 to GOO 
feet thick, occur in some places. HornLlendic and micaceous 
schists are often interstratified, and beds of limestone usually 
crystalline. Beds of plumbago also occur, and it has naturally 
been conjectured that this pure carbon may have been of or- 
ganic origin before it underwent metamorphism. 

There are several of these limestones which havo been traced 
to great distances, and one of them is from 700 to 1,500 feet 
thick. In the most massive of them Sir W, Logan observed in 
1859 what ho considered to be an organic body much resembling 
the Silurian fossil called Stromatopora rugosa, It had been 
obtained the year before by Mr. J. McCulloch at the Grand 
Calumet on the river Ottawa. This fossil was examined in 
1804 by Dr. Dawson of Montreal, who detected in it, by aid of 


Fig. 592. Fig. 593. 





Eozoon Canadensc, Daw. (after Carpenter). Oldest known organic body. 

Fig. 592. a. Chain bers of lower tier communicating at +, and separated from ad- 
joining chambers at © by an intervening septum, traversed by passages, b. 
Chambers of an upper tier. c. Walls of the chambers, traversed by fine tubules. 
(These tubules pass with uniform parallelism from the inner to the outer surface, 
opening at regular distances from each other.) < 1 . Intermediate skeleton, com- 
posed of homogeneous shell substance, traversed by stolon iicrous passages (/), 
connecting the chambers of the two tiers, e. Canal system in intermediate 
skeleton, showing the arborescent sareodic prolongations. (Fig. 593 shows these 
bodies in a decalcified state.) /. Stoloniferous passages. 

Fig. 593. Decalcified portion of natural rock, showing canal system and the several 
layers ; the acuteness of the planes prevents more than one or two purallel tiers 
being observed. Natural size. 

the microscope, the distinct structure of a Bliizopod or Fora- 
minifer. Dr. Carpenter and Prof. T. Rupert Jones have since 
confirmed this opinion, comparing the structure to that of the 
well-known nummulite. It appears to have grown one layer 
over another, and to have formed reefs of limestone as do the 
living coral-building polyp animals. Parts of the original skele- 
ton, consisting of carbonate of lime, are still preserved ; while 
certain interspaces in the calcareous fossil have been filled up 
with serpentine and white augite. On this oldest of known 
organic remains Dr. Dawson has conferred the name of Eozoon 
Canadensc (see figs. 592, 593) ; its antiquity is such that the dis- 
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tance of time which separated it from the Upper Cambrian period, 
or that of the Potsdam sandstone, may, says Sir W. Logan, be 
equal to the time which elapsed between the Potsdam sand- 
stone and the nummulitic limestones of the Tertiary period. 
The Laurentian and Huronian rocks united are about 50,000 
feet in thickness, and the Lower Laurentian was disturbed 
before the newer series was deposited. We may naturally 
expect that other proofs of unconformability will hereafter be 
detected at more than one point in so vast a succession of strata. 

The mineral character of the Upp: r Laurentian differs, as wo 
have seen, from that of the Lower, and the pebbles of gneiss in 
the Huronian conglomerates are thought to prove that the 
Laurentian strata were already in a metamorphic state before 
they were broken up to supply materials for the Huronian. 
Even if we had not discovered the Eozoon, we might fairly have 
inferred from analogy that as the quartzites w f ere once beds of 
sand, and the gneiss and liiica-scliist derived from shales and 
argillaceous sandstones, so the calcareous masses from 400 to 
1,000 feet and more in thickness, were originally of organic 
origin. This is now generally believed to have been the case 
with the Silurian, Devonian, Carboniferous, Oolitic, and Cre- 
taceous limestones and those nummulitic rocks of tertiary date 
which bear the closest affinity to the Eozoon reefs of the Lower 
Laurentian. The oldest stratified rock in Scotland is that 
called by Sir It. Murchison ‘ the fundamental gneiss/ which is 
found in the north-west of Itoss-sliire, and in Sutherlandshire 
(see fig. 82, p. 81)), and forms the whole of the adjoining 
island of Lewis, in the Hebrides. It has a strike from north- 
west to south-east, nearly at right angles to the metamorphic 
strata of the Grampians. On this Laurentian gneiss, in parts 
of the Western Highlands, the Lower Cambrian and various 
metamorphic rocks rest unconfonnably. It seems highly pro- 
bable that this ancient gneiss of Scotland may correspond in 
date with part of the great Laurentian group of North America. 
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CHAPTER XXVIII. 

VOLCANIC HOCKS. 

External form, structure, and origin of volcanic mountains — Cones and 
craters — Hypothesis of ‘elevation craters’ considered — Trap rocks — 
Name whence derived — Mi erals most abundant in volcanic rocks- 
Table of the analysis of min rals in the Volcanic and Ilypogene rocks — 
Similar minerals in meteori :s — Theory of Isomorphism — basaltic rocks 
— Tracliytic rocks — Special f >rms of structure — The columnar and globu- 
lar forms — Trap dikes and v -Alteration of rocks by volcanic dikes — 

Conversion of chalk into marble — Intrusion of trap between strata — Rela- 
tion of trappean rocks to the products of active volcanos. 

The aqueous or fossiliferous rocks having now been described, 
we have next to examine thoso which may be called volcanic, 
in the most extended sense of that term. Suppose a a in the 
annexed diagram to represent the crystalline formations, such 


Fig. 59L 



a. Hjpogene formations, stratified and nnstratifiod. 

b. Aqueous formations. c. Volcanic rocks. 


as the granitic and mctamorphic ; b b the fossiliferous strata ; 
and c. c the volcanic rocks. These last are sometimes found, as 
was explained in the lirst chapter, breaking through a and b, 
sometimes overlying both, and occasionally alternating with the 
strata b b. 

External form, structure, and origin of volcanic mountains. 

- — The origin of volcanic cones with crater-shaped summits lias 
been explained in the ‘ Principles of Geology ’ (chaps, xxiii. to 
xxvii.), where Vesuvius, Etna, Santorin, and Barren Island are 
described. The more ancient portions of those mountains or 
islands, formed long before the times of history, exhibit the 
same external features and internal structure which belong to 
most of the extinct volcanos of still higher antiquity ; and 
these last have evidently been due to a complicated series of 
operations, varied in kind according to circumstances ; as, for 
example, whether the accumulation took place above or below 
the level of the sea, whether the lava issued from one or several 
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contiguous vents, and, lastly, whether the products of fusion in 
the subterranean regions contain more or less silica, alumina, 
potash, soda, lime, oxides of iron, and other ingredients. We 
are best acquainted with the effects of eruptions above water, 
or those called svibaerial or supramarine ; yet the products even 
of these are arranged in so many ways that their interpretation 
has given rise to a variety of contradictory opinions, some of 
which will have to be considered in this chapter. 

Cones and Craters . — In regions where the eruption of volcanic 
matter has taken place in the open air, and where the surface 
has never since been subjected to great aqueous denudation, 
cones and craters constitute the most striking peculiarity of this 
class of formations. Many hundreds of these cones are seen in 
central France, in the ancient provinces of Auvergne, Velay, 
and Vivarais, where they observe, for the most part, a linear 
arrangement, and form chains of hills. Although none of the 
eruptions have happened within the historical era, the streams 
of lava may still be traced distinctly descending from many of 
the craters, and following the lowest levels of the existing val- 
leys. The origin of the cone and crater-shaped hill is well un- 
derstood, the growth of many having been watched during vol- 
canic eruptions. A chasm or hssure first opens in the earth, 
from which great volumes of steam are evolved. The explosions 
are so violent as to splinter the rocks in which the volcanic vent 
is o2>ened, and hurl up into the air fragments of broken stone, 
parts of which are shivered into minute atoms. At the same 
time liquefied stone or lava usually ascends through the chimney 
or vent by which the gases make their escape. Although ex- 
tremely heavy, this lava is forced up by the expansive power 
of entangled gaseous fluids, chiefly steam or aqueous vapour, 
exactly in the same manner as waiter is made to boil over the 
edge of a vessel when steam has been generated at the bottom 
by heat. Large quantities of the lava are also shot up into the 
air, where it separates into fragments and acquires a spongy 
texture by the sudden enlargement of the included gases, and 
thus forms scoriae, other portions being reduced to an impalpable 
powder, or dust. The showering down of the various ejected 
materials round the orifice of eruption gives rise to a conical 
mound, in which the successive envelopes of sand and scoriae 
form layers, dipping on all sides from a central axis. In the 
mean time a hollow, called a crater, has been kept open in the 
middle of the mound by the continued passage upwards of 
steam and other gaseous fluids. The lava sometimes flows over 
the edge of the crater, and thus thickens and strengthens the 
sides of the cone ; but sometimes it breaks down the cone on 
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one side (see fig. 595), and often it flows out from a fissure at 
the base of the hill, or at some distance from its base. 



Part of the chain of extinct volcanos called the Monts Dome, Auvergne. (Rerope.) 

Some geologists had erroneously supposed from observations 
made on recent cones of eruption, that lava which consolidates 
on steep slopes is always of a scoriaceous or vesicular structure, 
and never of that compact texture which we find in those 
rocks which are usually termed ‘ trappean. ’ Misled by this 
theory, they have gone so far as to believe that if melted 
matter has originally descended a slope at an angle exceeding 
four or five degrees, it never on cooling acquires a stony com- 
pact texture. Consequently, whenever they found in a volcanic 
mountain sheets of stony materials inclined at angles of from 
5° to 20° or even more than 30°, they thought themselves war- 
ranted in assuming that such rocks had been originally horizon- 
tal, or very slightly inclined, and had acquired their high in- 
clination by subsequent upheaval. To such dome-shaped 
mountains with a cavity in the middle, and with the inclined 
beds having what was called a quaquaversal dip or a slope out- 
wards on all sides, they gave the'hame of ‘Elevation craters.’ 

As the late Leopold von Buell, the author of this theory, had 
selected the Isle of Palma, one of the Canaries, as a typical illus- 
tration of this form of volcanic mountain, 1 visited that island 
in 1854, in company with my friend Mr. Hartung, and I satis- 
fied myself that it owes its origin to a series of eruptions of the 
same nature as thoso which formed the minor cones, already 
alluded to. In some of the more ancient or Miocene volcanic 
mountains, such as Mont Dore and Cantal in Central France, the 
mode of origin by upheaval as above described is attributed to 
those dome-shaped masses, whether they possess or not a great 
central cavity as in Palma. Where this cavity is present, it has > 
probably been due to one or more groat explosions similar to that 
which destroyed a great part of ancient Vesuvius in the time of 
Pliny. Similar paroxysmal catastrophes have caused in his- 
torical times the truncation on a grand scale of some large 
cones in Java and elsewhere. 1 


1 Principles, vol. ii. pp. 56 and 145. 
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Among the objections which may be considered as fatal to 
von Buch’s doctrine of upheaval in these cases I may state that 
a series of volcanic formations, extending over an area six or 
seven miles in its shortest diameter, as in Palma, could not be 
accumulated in the form of lavas, tuffs, and volcanic breccias or 
agglomerates without producing a mountain as lofty as that 
which they now constitute. But assuming that they were first 
horizontal, and then lifted up by a force acting most powerfully 
in the centre and tilting the beds on all sides, a central crater 
having been formed by explosion or by a chasm opening in the 
middle, where the continuity of the rocks was interrupted, we 
should have a right to expect that the chief ravines or valleys 
"would open towards the central cavity, instead of which the rim 
of the great crater in Palma and other similar ancient volcanos 
is entire for more than three parts of the whole circumference. 

If dikes are seen in the precipices surrounding such craters or 
central cavities, they certainly imply rents which were filled up 
with liquid matter. But none of the dislocations producing 
such rents can have belonged to the supposed period of terminal 
and paroxysmal upheaval, for had a great central crater been 
already formed before they originated, or at the time when they 
took place, the melted matter, instead of filling the narrow 
vents, would liavo flowed down into the bottom of the cavity, 
and "would have obliterated it to a certain extent. Making 
duo allowance for the quantity of matter removed by subaerial 
denudation in volcanic mountains of high antiquity, and for 
the grand explosions which are known to have caused trunca- 
tion in active volcanos, there is no reason for calling in the 
violent hypothesis of elevation craters to explain the structure 
of such mountains as Teneriffe, the Grand Canary, Palma, or 
those of Central France, Etna, or Vesuvius, all of which I have 
examined. With regard to Etna, I have shown, from observa- 
tions made by me in 1857, that modern lavas, several of them of 
known date, have formed continuous beds of compact stone 
even on slopes of 15, 3G, and 38 degrees, and, in the case of the 
lava of 1852, more than 40 degrees. The thickness of these 
tabular layers varies from 1£ foot to 2G feet. At the same time 
the relations of these lava-streams to the surrounding rocks, and 
of their scoriaccous and compact portions to one another, are such 
as to preclude the possibility of a change of inclination having 
taken place subsequently to their solidification. 1 

Nomenclature of Trapp ean rocks. — When geologists first 
began to examine attentively the structure of the northern and 
western parts of Europe, they were almost entirely ignorant of 

1 Memoir on Mount Etna, Phil. Trans., 1858. 
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tlie phenomena of existing volcanos. They found certain rocks, 
for the most part without stratification, and of a peculiar mineral 
composition, to which they gave different names, such as basalt, 
greenstone, porphyry, trap tuff, and amygdaloid. All these, 
wliich were recognised as belonging to one family, were called 
‘ trap ’ by Bergmann, from trappa, Swedish for a flight of steps 
— a name since adopted very generally into the nomenclature of 
the science ; for it was observed that many rocks of this class 
occurred in great tabular masses of unequal extent, so as to form 
a succession of terraces or steps. 

By degrees familiarity -with the products of active volcanos 
convinced geologists more and more that they were identical 
with the trappean rocks. In every stream of modern lava 
there is some variation in character and composition, and even 
w r here no important difference can be recognised in the pro- 
portions of silica, alumina, lime, potash, iron, and other ele- 
mentary materials, the resulting minerals are often not the same, 
for reasons which we are as yet unable to explain. The difference 
also of the lavas poured out from the same mountain at two 
distinct periods, especially in the quantity of silica which they 
contain, is often so great as to give rise to rocks which are 
regarded as forming distinct families, although there may be 
every intermediate gradation between the two extremes, and 
although some rocks, forming a transition -from the one class to 
the other, may often be so abundant as to demand special 
names. Bocks containing an excess of silica (from GO to 80 
per cent.) are termed by many petrologists acid rocks, while 
those which on the contrary contain a small proportion of 
silica (from 45 to 55 per cent.) and a large proportion of the 
bases lime, potash, magnesia, oxide of iron, &c., are termed 
basic. I do not, however, adopt these terms, as they are 
founded on distinctions about which chemists are not agreed, 
and the term acid has unfortunately a meaning quite different 
to the technical one proposed, while on the other hand the 
terms tracliytic (as synonymous with acid) and basaltic (as 
synonymous with basic) appear to me to answer all practical 
purposes and to be far more intelligible to the ordinary student. 
The different species of rocks included under these two heads 
might be multiplied indefinitely, and I can only afford space 
to name a few of the principal ones, about the composition 
and aspect of which there is the least discordance of opinion. 

Minerals most abundant in volcanic roclcs. — The minerals 
which form the chief constituents of these igneous rocks are few 
in number. Next to quartz, wliich is nearly pure silica or silicic 
acid, the most important are those silicates commonly classed 
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Analysis of Minerals most abundant in the Volcanic and Hypogene Bodes. 


THE QUAIITZ GROUP. 
Quartz .... 

'i BIDV MITE 


THE FELSPAR (JROIJP. | 

Orthoclase. Carlsbad, in granite 65*23 lb*20 0*27 ... trace 

(Bulk). 

Sanidine, Prachenfels in trachyte 65*87 18*53 ... ^ 0*96 

(Rammelsberg). 

Albite. Arcmial. In granite (Q. Rose) . 63-46,19 30 .. 0*28 0*68 

Oligoclase. Ytterby, in granite (ber- 01*55 23 80 ... „. 3*18 

zoiiup). I 

Tcner'll’e, in tracliyte (Pcville) . 61*55 22*03 2*81 

Lahradouitk. Hitteroe, in Labrador- 61-«>ao-4* 2*00 ... 0*44 

hock (Wauge). | 

Iceland, in volcanic (Pamour) . 52*17|2fi*22 TOO ... 13*11 

Anokttiite. Harzburg, in dioritc 45*37 34*81 0*51* ... 16*52 

(Streng). > 

Ilecia, in volcanic (Waltcrslmusen) 45*14 32*10 2*03 0*78 18*32 

Lkucite. Vesuvius, 1811, in lava (Ram- 56*lo'23 22 

molsberg). 

Nepheline. Mi ask, in miaBcitc 44*30 33 25 0*82 ... 0*32 

(Schoeror). | 

Vesuvius, in volcanic (Arfvedson) 44*1133 73 


_ 0*95 0*39 10*32 3*42! 

0*28 0*68 . ... 11*27' 
3*18 0*80 0*38 0*07! 


5*t3 W. 0*71 
8*40 

1*45 W. 0*87 1 


0*32 0*07 5*82 10-02 


THE MICA GROUP. 

Muscovite. Finland, in granite (Rose) 46*36 36*80 4*53 

LEriDOETTE, Cornwall, in granite 52*40 26*80 ... 

(Kognault). | 

Biotitk. Bodenmais (V. Kobell) . . 40*86 15*13 13*00 

Vesuvius, in volcanic (Chodncf) . 40*91! 17*71 11*02 

Phlogopitk. New York, in metam. 41*96:13*47 ... 
limestone (Rammelsberg). j 


22*00 8*83 

0*30 19*04 9*96 
2*67 0*31 27*12 9*37 


- {*8S} *» 

- «• 

W. 0*44 2*70 

... ... 2*75 

... f F. 2*93 1 

IW. 0*60 j 2 81 


M arg a bite. Naxos (Smith) 
Chlorite. Pauphiny (Marigna'*) 
Ripidoltte. Pyrenees (Pelesse) . 
Talc. Zdlortlial (Pelesse) . 


, 30*0*2 49*52! l*6.i 
26*88' 17*52,29*76 
3i-|0!lti*50 ... 

, 63*00 ... ... 


... 10*82 0*48 1*25 

... 13*84 ... | 
0*06 ... 30*70 *** 

trace ... 33*60 


Tremolite. St. Gctliard (Rnmmcls- 58*55 ... 
berg). 

Actinolitk. Arendnl, in granite '56*77 0*97 
.. (Rammelsberg). I 

Hornblende. Payment, in dioritc 41*99 11*66 
„ (Dcville). | j 

■ - Etna, in volcanic (Walter slum sen) ;40*91 13*68 

Uraltte. Ural (Rannnclsberg) . . |..(»*75' 5‘ttfJ 


; 17*27 1 11*59 12*2: 


Avgite. Bohemia, in dolcrite (Ram- 51*12 3*38' 0*95' 8*08 23*54il2*32 

melsberg). 1 1 ! | *** — 

Vesuvius, in lava of 1858 (limn- 19*61 4*42i ... . 9*08 22*83 14*22 

melsberg). ‘ j 

Piallage. llarz, in Gabbro (Hummels- 52*oo 3*10; ... ■ 9*36 16*29 18*51 w i-ie 

berg). ! 1 j ..... v 

IIVPERSTHENK. Labrador, in Labrador- 51*36 0*37! ... ! 22*59 3\9 21*31 

Rock (Ptunour). I j *** ~ 

Fhonzite. Greenland (V. Kobell) . 58(H) 1 -33 Ill-Ill ... ... 29*66 

OLIVINE. Carlsbad, in basalt (Ram- J9*34i 14*85 45*81! 

molsberg). *’* 

Mount Somma, in volcanic (Walm- 40*08 i 0*18 ... 15*74 ... 44*22* 

Btedt.) j j — “* "• 

la the last column but one of the above tabic the following >igns are used : F. Fluorine t Li. Lithla 
W . Lom on igniting the mineral, in mvit initancci only Water. 


Specific 

Gravity 



Cff. XXVIII.] 


QUARTZ GROUP. 


499 


under the several heads of felspar, mica, hornblende or angite, 
and olivine. In the annexed table, in drawing up which I have 
received the able assistance of Mr. David Forbes, the chemical 
analysis of these minerals and their varieties is shown, and he 
has added the specific gravity of the different mineral species, 
the geological application of which in determining the rocks 
formed by these minerals will be explained in the sequel (p. 503). 

It will be observed that many minerals are omitted from this 
table which, even if they are of common occurrence, are more 
to be regarded as accessory than as essential components of the 
rocks in which they are found. 1 Such are, for example, Garnet, 
Epidotc, Tourmaline, Ido erase, Andalusitc, Scapolite, the various 
Zeolites, and several other silicates of somewhat rarer occurrence. 
Magnetite, Titanoferrite, and Iron-pyrites also occur as normal 
constituents of various igneous rocks, although in comparatively 
small amount, as also Apatite, or idiosphate of lime. The other 
salts of lime, including its carbonate or calcite, although often 
met with, are invariably products of secondary chemical action. 

The Zeolites, above mentioned, so named from the manner in 
which they froth tip under the blow-pipe and melt into a glass, 
differ in their chemical composition from all the other mineral 
constituents of volcanic rocks since they are hydrated silicates 
containing from 10 to 25 per cent, of water. They abound in 
some trappean rocks and ancient lavas, where they fill up vesi- 
cular cavities and interstices in the substance of the rocks, but 
are rarely found in any quantity in recent lavas ; in most cases 
they are to be regarded as secondary products formed by the 
action of water on the other constituents of the rocks. Amongst 
them the sjiecics Analcime, Stilbite, Natrolite, and Chabazito 
may be mentioned as of most common occurrence. 

Quartz group. — The microscope lias shown that pure quartz 
is oftener present in lavas than was formerly supposed. It had 
been argued that the quartz in granite having a specific gravity 
of 2 '6, was not of purely igneous origin, because the silica 
resulting from fusion in the laboratory has only a specific 
gravity of 2*3. But Mr. David Forbes has ascertained that the 
free quartz in trachytes which are known to have flowed as 
lava, has the same specific gravity as the ordinary quartz of 
granite, and the recent researches of Vora Rath and others 
prove that the mineral Tridymite, which is crystallised silica of 
sp. gr. 2*3 (see Table, p. 498), is of common occurrence in the 
volcanic rocks of Mexico, Auvergne, the Rhine, and elsewhere, 
although hitherto entirely overlooked. 

1 For analyses of these minerals sec the Mineralogies of Dana and Bristow. 
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Felspar group. — In the Felspar group (Table, p. 498) the 
five mineral species most commonly met with as rock con- 
stituents are : 1. Orthoclase, often called common or potash- 
felspar. 2. Albite or soda-felsjmr, a mineral which plays a 
more subordinate part than was formerly supposed, this name 
having been given to much which has since been proved' to be 
Oligoclase. 3. Oligoclase, or soda-lime-felspar, in which soda is 
present in much larger proportion than lime, and of which 
mineral andesite or andcsine is considered to be a variety. 

4. Labradorite, or lime-soda-felspar, in which the proportions of 
lime and soda are the reverse to what they are in Oligoclase. 

5. Anorthite or lime-felspar. The two latter felspars are rarely 
found to enter into the composition of rocks containing quartz. 

In employing such terms as potash-felspar, &c. , it must, how- 
ever, always be borne in mind that it is only intended to direct 
attention to the predominant alkali or alkaline earth in the 
mineral, not to assert the absence of the others, which in most 
cases will be found to be present in minor quantity. TIiub 
potash-felspar (orthoclase) almost always contains a little soda, 
and often traces of lime or magnesia ; and in like manner with 
the others. The terms ‘ glassy ’ and ‘ compact ’ felspars only 
refer to structure, and not to species or composition ; the 
student should be prepared to meet with any of the above 
felspars in either of these conditions : the glassy state being 
apparently due to quick cooling, and the compact to conditions 
unfavourable to crystallisation ; the so-called ‘ compact felspar ’ 
is also very commonly found to be an admixture of more than 
one felspar species, and frecjuently also contains quartz and 
other extraneous mineral matter only to be detected by the 
microscope. In examining the felspars contained in rocks it is 
also necessary to bear in mind the changes in lustre and colour, 
the result of incipient decomposition, to which all the varieties 
are more or less liable. 

Felspars when arranged according to their system of crystal- 
lisation are monodinic , having one axis obliquely inclined, or 
tridinic, having the three axes all obliquely inclined to each 
other. If arranged with reference to their cleavage they are 
orthodastic , the fracture taking jdace always at a right angle, or 
playiodastiCf in which the cleavages are oblique to one another. 
Orthoclase is orthodastic and monoclinic, all the other felspars 
are plagioclastic and triclinic. The latter group may often bo 
recognised by the presence of fine parallel strife, produced by 
the imperfective junction of the crystals where they blend into 
each other. 

Minerals in meteorites . — That species of the Felspar Group 
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which is called Anorthite has been shown by Rammelsberg to 
occur in a meteoric stone, and his analysis proves it to be almost 
identical in its chemical proportions with the same mineral in 
the lavas of modern volcanos. So also Bronzite (Enstatite) and 
Olivine have been met with in meteorites and shown by analysis 
to come remarkably near to these minerals in ordinary rocks. 

Mica group. — With regard to the micas, the four principal 
species (Table, p. 498) all contain potash in nearly the same 
proportion, but differ greatly in the proportion and nature of 
their other ingredients. Muscovite is often called common or 
potash mica ; Lepidolite is characterised by containing lithia in 
addition ; Biotite contains a large amount of magnesia and 
oxide of iron ; whilst Phlogopite contains still more of the 
former substance. In rocks containing quartz, muscovite or 
lepidolite are most common. The mica in recent volcanic rocks, 
gabbros, and diorites is usually Biotite, whilst that so common 
in metamorpliic limestones is usually, if not always, Phlogopite. 

Amphlbole and Pyroxene group. — The minerals included 
in the table under the Ainphibole and Pyroxene Group differ 
somewhat in their crystalline form, though they all belong to 
the monoclinic system. Ampliibolc is a general name for all 
the different varieties of Hornblende, Actinolite, Tremolite, 
&c., while Pyroxene may be considered to include Augite, 
Diallage, Malacolite, Sahlite, Diopside, Hypcrstliene, Bronzite, 
&c. The two divisions are so much allied in chemical composi- 
tion and crystallograi>hic characters, and blend so completely 
one into the other in Uralite (see p. 498), that it is perhaps 
best to unite them in one group. 

Theory of Isomorphism. — The history of the changes of 
opinion on this point is curious and instructive. Werner first 
distinguished augite from hornblende ; and his proposal to 
separate them obtained afterwards the sanction of Ilauy, Mohs, 
and other celebrated mineralogists. It was agreed that the 
form of the crystals of the two species was different, and also 
their structure, as shown by cleavage , that is to say, by breaking 
or cleaving the mineral with a chisel, or a blow of the hammer, in 
the direction in which it yields most readily. It was also found 
by analysis that augite usually contained more lime, less 
alumina, and no fluoric acid ; which last, though not always 
found in hornblende, often enters into its composition in 
minute quantity. In addition to these characters, it was 
remarked as a geological fact, that augite and hornblende are 
very rarely associated together in the same rock, augite being 
present in rocks in which there is but little silica such as Dolerite 
and Basalt, and hornblende occurring where silica is in excess 
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as in Granite and Syenite. It was also found that in the crystal- 
line slags of furnaces, avigitic forms were frequent, the horn- 
blendic entirely absent ; hence it was conjectured that horn- 
blende might be the result of slow, and augite of rapid cooling. 
This view was confirmed by the fact, that Mitscherlich and 
Berthier were able to make augite artificially, but could never 
succeed in forming hornblende. Lastly, Gustavus Rose fused a 
mass of hornblende in a porcelain furnace, and found that it 
did not, on cooling, assume its previous shape, but invariably 
took that of augite. The same mineralogist observed certain 
crystals called Uralite (see Table, p. 498) in rocks from Siberia 
which possessed the cleavage and chemical composition of horn- 
blende, while they had the external form of augite. 

If, from these data, it is inferred that the same substance 
may assume the crystalline forms of hornblende or augite in- 
differently, according to the more or less rapid cooling of the 
melted mass, it is nevertheless certain that the variety commonly 
called augite, and recognised by a peculiar crystalline form, has 
usually more lime in it, and less alumina, than that called 
hornblende, although the quantities of these elements do not 
seem to be always the same. Unquestionably the facts and 
experiments above mentioned show the very near affinity of 
hornblende and augite ; but even the convertibility of one into 
the other, by melting and recrystallising, does not perhaps de- 
monstrate their absolute identity. For there is often some 
portion of the materials in a crystal which are not in perfect 
chemical combination with the rest. Carbonate of lime, for 
example, sometimes carries with it a considerable quantity of 
silica into its own form of crystal, the silica being mechanically 
mixed as sand, and yet not preventing the carbonate of lime 
from assuming the form proper to it. This is an extreme case, 
but in many others some one or more of the ingredients in a 
crystal may be excluded from perfect chemical union ; and after 
fusion, when the mass recrystallises, the same elements may 
combine perfectly or in new proportions, and thus a new mineral 
may be produced. Or some one of the gaseous elements of the 
atmosphere, the oxygen for example, may, before the melted 
matter reconsolidates, have combined w T itli some one or more of 
the component elements. 

The different quantity of the impurities or the refuse above 
alluded to, which may occur in all but the most transparent and 
perfect crystals, may partly explain the discordant results at 
which experienced chemists have arrived in their analysis of the 
same mineral. For the reader will often find that crystals of a 
mineral determined to be the same by physical characters, 
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crystalline form, and optical properties, have been declared 
by skilful analysers to be composed of distinct elements. This 
disagreement seemed at first subversive of the atomic theory, or 
the doctrine that there is a fixed and constant relation between 
the crystalline form and structure of a mineral and its chemical 
composition. The apparent anomaly, however, which threatened 
to throw the whole science of mineralogy into confusion, was 
reconciled to fixed principles by the discoveries of Professor 
Mitscherlich at Berlin, who ascertained that the composition 
of the minerals which had appeared so variable was governed 
by a general law, to which he gave the name of isomorphism 
(from i croc, isos , equal, and /top </>>/, morphe, form). According 
to this law, the ingredients of a given specios of mineral 
are not absolutely fixed as to their kind and quality ; but 
one ingredient may be replaced by an equivalent portion of 
some analogous ingredient. Tlius, in augite, the lime may be in 
part replaced by portions of protoxide of iron, or of manganese, 
while the form of the crystal, and the angle of its cleavage 
pianos, remain the same. These vicarious substitutions, however, 
of particular elements cannot exceed certain defined limits. 

Basaltic rocks. — The two principal families of trappean or 
volcanic ro'ks are the basalts and the trachytes, which differ 
chiefly from each other in the quantity of silica which they con- 
tain. The basaltic rocks are comparatively poor m silica, contain- 
ing less than 55 per cent, of that mineral, and none in a pure 
state or as free quartz, apart from the rest of the matrix. They 
contain a larger proportion of lime and magnesia than the 
trachytes, so that they are heavier independently of tho fre- 
quent presence of the oxides of iron, which in some cases forms 
more than a fourth part of the whole mass. Abich has therefore 
proposed that we should ascertain the specific gravity of these 
rocks, in order to appreciate their composition in cases where 
it is impossible to separate their component minerals. Thus, 
basalt from S tafia containing 47*80 per cent, of silica has a 
specific gravity of 2*95 ; whereas trachyte, which has 66 percent, 
of silica, has a sp. gr. of only 2 ‘68 ; porphyritic trachyte, contain- 
ing 69 per cent, of silica, a sp. gr. of only 2 '58. If we then take 
a rock of intermediate composition, such as that prevailing in the 
Peak of Teneriffe, which Abich calls Trachyte-dolerite, its propor- 
tion of silica being intermediate, or 58 per cent. , it has a sjiecific 
gravity of 2*78, or more than trachyte, and less than basalt. 1 

Basalt. — The different varieties of this rock are distinguished 
by the names of basalts, anamesites, and dolerites, names 
which, however, only denote differences in texture without 
1 Dr. Daubeny on Volcanos, 2nd ed. pp. 14, 15. 
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implying any difference in mineral or chemical composition : 
the term Basalt being used only when the rock is compact, 
amorphous, and often semivitreous in texture and when it breaks 
with a perfect con choi dal fracture ; when, however, it is uniformly 
crystalline in appearance, yet very close-grained, the name 
AnamesUc (from mut/utror, intermediate) is employed, but if the 
rock be so coarsely crystallised that its different mineral consti- 
tuents can be easily recognised by the eye, it is called Doleritc 
(from fioXspoc, deceitful), in allusion to the difficulty of distin- 
guishing it from some of the rocks known as plutonic. The 
term Tachylitc is applied to basalt which has assumed the 
appearance of volcanic glass, and is only distinguishable from 
obsidian by its greater density and softness. 

Melaphyrc is often quite undistinguish able in external appear- 
ance from basalt, for although rarely so heavy, dark-coloured or 
compact, it may present at times all these varieties of texture. 
Both these rocks arc composed of triclinic felspar and augite 
with more or less olivine, magnetic or titaniferous oxide of iron, 
and usually a little nephelinc, leucite, and apatite ; basalt 
usually contains considerably more olivine than melapliyre, but 
chemically they are closely allied, although the melaphyrcs 
usually contain moro silica and alumina with less oxides of 
iron, lime, and magnesia than the basalts. The term Melaphyrc, 
however, although popular with some writers, is very vague in 
its signification, and therefore of but little scientific valuo. 
Many so-called melaphyres have been shown to be true basalts, 
though sometimes altered by subsequent chemical action. 

Greenstone. — This name has usually been extended to all 
granular mixtures, whether of hornblende and felspar, or of 
augite and felspar. Labrador-roch is a term used for a compound 
of labradorite or labrador-felspar and hypersthene ; when the 
liypersthcne predominates it is sometimes known under the 
name of Hyper sthene-roch, Hypcrsthcnite or Hyperite. Dior it e, 
Gabbro and Diabase are very crystalline rocks which help to 
connect the volcanic with the plutonic formations ; they will 
therefore be treated of in Chapter XXXI. 

Tracbytlc rocks. — The name trachyte (from rpaxvr, rough) 
was originally given to a coarse granular felspathic rock which 
was rough and gritty to the touch. The term was subsequently 
made to include other rocks, such as clinkstone and obsidian, 
which have the same mineral comj^osition, but to which, owing 
to their different texture, the word in its original meaning 
would not apply. The felspars which occur in Trachytic rocks 
are invariably those which contain the largest proportion of silica 
or from 60 to 70 per cent, of that mineral. Through the base 
are usually disseminated crystals of glassy felspar, mica, and 
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sometimes hornblende. Although quartz is not a necessary 
ingredient in the composition of this rock, it is very frequently 
present, and the quartz trachytes are very largely developed in 
many volcanic districts. In this respect the trachytes differ 
entirely from the members of the Basaltic family and in chemical 
composition are more nearly allied to the granites. 

Obsidian . — Obsidian, Pitchstono, and Pearlstone are only dif- 
ferent forms of a volcanic glass produced by the fusion of tra- 
chytic rocks. The distinction between them is caused by different 
rates of cooling from the melted state, as has been proved by 
experiment. Obsidian is of a black, dark-green, or ash-grey 
colour, and though opaquo in mass is translucent at the edges, 
Pitchstone has a more resinous lustre, and is often lighter in 
colour than obsidian. 

Clinkstone or Phonolite . — Among the rocks closely allied to 
the trachytes, or those in which the felspars are rich in silica, that 
termed Clinkstone or Phqnolite is conspicuous by its fissile 
structure, and its tendency to lamination, which is such as some- 
times to render it useful as roofing-slate. It rings when struck 
with the hammer, whence its name ; is compact, and usually of 
a greyish blue or brownish colour, and is composed of that 
variety of orthoclase felspar called sanidine, together with nephe- 
line and frequently a little hornblende. The name Clinkstone 
has often been loosely applied to a mere variety of felstone. 
The only true Phonolite yet recognised in England is that of 
the Wolf Rock, off the coast of Cornwall. 

Volcanic rocks distinguished by special forms of struc- 


ture. — Many volcanic rocks are commonly spoken of under 
names, denoting structure alone, which must not be taken to 


imply that they are distinct 
rocks, i.e. that they differ from 
one another either in mineral or 
chemical composition. Thus the 
terms Trachytic porphyry, Tra- 
chytic tuff, &c. , merely refer to 
the same rock under different 
conditions of mechanical aggre- 
gation or crystalline develop- 
ment which would be more cor- 
rectly expressed by the use of 
the adjective, as * porphyritic 
trachyte, &c. ; but as these 
terms are so commonly em- 
ployed it is considered advisable 


Fig. 590. 



Porphyry. 

White crystals of felspar in a dark base 
of hornblende and felspar. 


to direct the student’s attention to them. 
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Porphyry is one of this class, and very characteristic of the 
volcanic formations. When distinct crystals of one or rnoro 
minerals are scattered through a contact base, the rock is termed 
a porphyry (see fig. 59(>). Thus trachyte is usually porphy- 
ritic ; for in it, as in many modern lavas, there are crystals of 
felspar; but in some porphyries the crystals are of augite, olivine,, 
or other minerals. If the base be greenstone, basalt, or pitch- 
stone, the rock is often denominated greenstone-porphyry, 
pitchstone-porpliyry, and so forth. The old classical type of 
this form of rock is the red porphyry of Egyi)t, or the well-known . 
‘Rosso antico.’ It consists, according to Delesse, of a red fel-. 
spathic base in which are disseminated rose-coloured crystals 
of the felspar called oligoclase, with some plates of blackish 
hornblende and grains of oxide of iron (iron-glance). Red., 
quart:: if crons porphyry is a much more siliceous rock, containing 
about 70 or 80 per cent, of silex, while that of Egypt has only. 
02 per cent. 

Amygdaloid . — This is also another form of igneous rock, ad- 
mitting of great variety of composition, and not peculiar to any 
geological period. It comprehends any rock in which round or 
almond-shaped nodules of some mineral, such as agate, calcedony, 
calcareous spar, or zeolite, are scattered through a base of 
basalt, or other kind of .trap. It derives its name from the 
Greek word amyydahn , an almond. The origin of this structure 
cannot be doubted, for we may trace the process of its formation 

in modern lavas. Small pores . 
or cells are caused by bubbles 
of steam and gas confined in 
the melted matter. After or 
during consolidation, these 
empty spaces are gradually 
filled up by matter separating 
from the mass, orinfiltered by 
water permeating the rock. 
As these bubbles have been 
sometimes lengthened by the 
flow of the lava before it 
finally cooled, the contents 
of such cavities have the form 
of almonds. In some of the 
amygdaloidal traps of Scot- 
land, where the nodules have 
decomposed, the empty cells 
are seen to have a glazed or vitreous coating, and in this respect 
exactly resemble scoriaceous lavas, or the. slogs of furnaces. 


Fig. r>!)7. 



Scoriaceous lava in part converted into 
an amygdaloid. 

Montague de la Vcille, Department of 
Pny de Dome, France. 
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The annexed figure represents a fragment of stone taken from 
the upper part of a sheet of basaltic lava in Auvergne. One half 
is scoriaceous, the pores being perfectly empty ; the other part 
is amygdaloidal, the pores or cells being mostly filled up with 
carbonate of lime, forming white kernels. 

Lava . — This term has a somewhat vague signification, having 
been applied to all melted matter observed to flow in streams 
from volcanic vents. When this matter consolidates in the 
open air, the upper part is usually scoriaceous, and the mass 
becomes more and more stony as we descend, or in proportion 
as it has consolidated more slowly and under greater pressure. 
At the bottom, however, of a stream of lava, a small portion of 
scoriaceous rock very frequently occurs, formed by the first thin 
sheet of liquid matter, which often precedes the main current, 
and solidities under slight pressure. 

The more compact lavas are often porphyritic, but even the 
scoriaceous part sometimes contains imporfect crystals, which 
have been derived from some older rocks, in which the crystals 
pre-existed, but were not melted, as being more infusible in 
their nature. Although melted matter rising in a crater, .and 
even that which enters a rent on the side of a crater, is called 
lava, yet this term belongs more properly to that which has 
flowed either in the open air or on the bed of a lake or sea. 
There is every variety of composition in lavas ; some arc tra- 
cliytic, as in the Peak of Tenerifie ; a great number are basaltic, 
as in Auvergne ; others are andesitic, as those of Chili ; 
and many of those of Etna consist of doleritcs with labrador- 
felspar. 1 

8coriie and Pumice may next be mentioned as porous rocks, 
produced by the action of gases on materials melted by volcanic 
heat. Scorix are usually of a reddish-brown and black colour, 
and are the cinders and slags of basaltic or augitic lavas. 
Pumice is a light, spongy fibrous substance, induced f>y the 
action of gases on trachytic and other lavas ; the relation, how- 
ever, of its origin to the composition of lava is not yet well 
understood. Von Buch says that it never occurs where only 
labrador-felspar is present. 

Volcanic ash or tuff , Trap tuff . — Small angular fragments of 
the scorim and pumice, above-mentioned, and the dust of the 
same, produced by volcanic explosions, form the tufts which 
abound in all regions of active volcanos, where showers of these 
materials, together with small pieces of other rocks ejected from 
the crater, and more or less burnt, fall down upon the land or 

1 G. Ilose, Ann. des Mines, tom. viii. p. 32. 
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into the sea. Here they often become mingled with shells, 
and are stratified. Such tuffs are sometimes bound together 
by a calcareous cement, and form a stone susceptible of a beau- 
tiful polish. But even when little or no lime is present, there 
is a great tendency in the materials of ordinary tuffs to cohere 
together. The term Volcanic ash has been much used for rocks 
of all ages supposed to have been derived from matter ejected in 
a melted state from volcanic orifices . We meet occasionally with 
extremely compact beds of volcanic materials, interstratified with 
fossiliferous rocks. These may sometimes be tuffs, although 
their density or compactness is such as to cause them to 
resemble many of those kinds of trap which are found in ordinary 
dikes. 

JVacke is a name given to a decomposed state of various trap 
rocks of the basaltic family, or those which are i>oor in silica. 
It resembles clay of a yellowish or brown colour, and passes 
gradually from the soft state to the hard dolerite, greenstone or 
other trap rock from which it has been derived. 

Agglomerate . — In the neighbourhood of volcanic vents, we 
frequently observe accumulations of angular fragments of rocks 
formed during eruptions by the explosive action of steam, 
which shatters the subjacent stony formations and hurls them 
up into the air. They then fall in showers around the cone or 
crater, or may bespread for some distance over the surrounding 
country. The fragments consist usually of different varieties 
of scoriaceous and compact lavas ; but other kinds of rock, such 
as granite or even fossiliferous limestones, may be intermixed ; 
in short, any substance through which the expansive gases have 
forced their way. The dispersion of such materials may be 
aided by the wind, as it varies in direction or intensity, and by 
the slope of the cone down which they roll, or by floods of rain, 
which often accompany eruptions. But if the power of running 
water, or of the waves and currents of the sea, be sufficient to 
carry the fragments to a distance, it can scarcely fail to wear off 
their angles, and the formation then becomes a conglomerate . 
If occasionally globular pieces of scorim abound in an agglome- 
rate, they may not owe their round form to attrition. When 
all the angular fragments are of volcanic rocks the mass is 
usually termed a volcanic breccia. 

Laterite is a red or brick-like rock composed of silicate of 
alumina and oxide of iron. The red layers, called ‘ ochre beds/ 
dividing the lavas of the Giant’s Causeway, which are often 
called Bole or Lithomarge, appear to be analogous to the Indian 
laterites. These were found by Delesse to be trap impregnated 
with the red oxide of iron, and in part reduced to kaolin. When 
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still more decomposed they were found to be clay coloured by 
red ochre. As two of the lavas of the Giant’s Causeway are 
parted by a bed of lignite, it is not improbable that the red 
layers seen in the Antrim cliffs resulted from atmospheric de- 
composition. In Madeira and the Canary Islands streams of lava 
of subaerial origin are often divided by red bands of laterite, pro- 
bably ancient soils formed by the decomposition of the surfaces 
of lava-currents, many of these soils having been coloured red 
in the atmosphere by oxide of iron, others burnt into a red 
brick by the overflowing of heated lavas. These red bands are 
sometimes prismatic, the small prisms being at right angles to 
the sheets of lava. Red clay or red marl, formed as above 
stated by the disintegration of lava, scoriae, or tuff, has often 
accumulated to a great thickness in the valleys of Madeira, 
being washed into them by alluvial action ; and some of the 
thick beds of laterite in India may have had a similar origin. 
In India, however, especially in the Deccan, the term ‘ laterite’ 
seems to have been used too vaguely to answer the above defi- 
nition. The vegetable soil in the gardens of the suburbs of 
Catania which was overflowed by the lava of 1609 was turned 
or burnt into a layer of red brick-coloured stone, similar to 
laterite, which may now be seen supporting the old lava- 
current. 

Columnar and globular structure. — One of the characteristic 
forms assumed by volcanic rocks is the columnar, a structure 
often displayed in a very striking manner by basaltic lavas. 
The columns are sometimes straight, at others curiously curved 
and twisted ; in section they are polygonal, and they are often 
divided longitudinally by equidistant joints, which sometimes 
exhibit curved surfaces of articulation ; in certain cases the 
angles of one division of a column are found to project and to 
form processes which fit into sockets, corresponding to them in 
the adjoining divisions. Columns of different varieties often 
occur in the same lava stream, the thick straight articulated 
columns being found in the lower, and the smaller curved forms 
in its upper portion ; and the line of junction between the two 
varieties is in many cases very distinctly marked. It is this 
peculiar combination of columns of different kinds which gives 
rise to the beautiful and well-known features of the Isle of 
Staffa ; it is equally well seen in many lavas of recent date. 

It being assumed that columnar trap has consolidated from a 
fluid state, the prisms are said to be always at right angles to 
the cooling surfaces. If these surfaces, therefore, instead of 
being either perpendicular or horizontal, are curved, the columns 
ought to be inclined at every angle to the horizon ; and 
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there is a beautiful exemplification of this phenomenon in one 
of the valleys of the Vivarais, a mountainous district in the 
South of France, where, in the midst of a region of gneiss, a 
geologist encounters unexpectedly several volcanic cones of loose 
sand and scoria). From the crater of one of these cones, called 
La Coupe d’Ayzac, a stream of lava has descended and occupied 
the bottom of a narrow valley, except at those points where the 
river Volant, or the torrents which join it, have cut away por- 
tions of the solid lava. The accompanying sketch (fig. 598) re- 


Fig. 598. 



Lava of La Coupe d'Ayzac, near Antraigue, in the Department of Ardeclie. 


presents the remnant of the lava at one of these points. It is 
clear that the lava once filled the whole valley up to the dotted 
line d a ; but the river has gradually swept away all below that 
line, while the tributary torrent has laid open a transverse sec- 
tion ; by which we perceive, in the first place, that the lava is 
composed, as usual in this country, of three parts : the upper- 
most, at a , being scoriaceous ; the second, b, presenting irregu- 
lar prisms ; and the third, c, with regular columns, which are 
vertical on the banks of the Volant, where they rest on a hori- 
zontal base of gneiss, but which are inclined at an. angle of 45° 
at r/, and are nearly horizontal at /, their position having been 
everywhere determined, according to the law before mentioned, 
by the form of the original valley. 

In the annexed figure 599, a view is given of some of the 
inclined and curved columns which present themselves on the 
sides of the valleys in the hilly region north of Vicenza in Italy 
and at the foot of the higher Alps. 1 Unlike those of the 
Vivarais, last mentioned, the basalt of this country was evi- 
dently submarine, and the present valleys have since been 
hollowed out by denudation. 

The columnar structure is by no means peculiar to the trap 
1 Fortis, Mem. sur l’Hist. Nat. de l’ltalie, tom. i. p. 233, plate 7. 
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rocks in which augite abounds ; it is also observed in trachyte, 
and other felspathic rocks of the igneous class, although in these 
it is rarely exhibited in such regular polygonal forms, with ball 
and socket joints, which form so 
conspicuous a feature in many ba- 
saltic columns. It has been al- 
ready stated that basaltic columns 
are often divided by cross joints. 

Sometimes each segment, instead 
of an angular, assumes a sphe- 
roidal form, usually produced by 
weathering, so that a pillar is 
made up of a pile of balls, usually 
flattened, as in the Clieese-grotto 
at Bertrich-Baden, in the Eifel, 
near the Moselle (fig. 600). The 
basalt there is part of a small 
stream of lava, from 30 to 40 feet 
thick, which has proceeded from 
one of several volcanic craters, 
still extant, on the neighbouring heights. 

In some masses of decomposing basalt, greenstone, and other 
trap rocks, the globular structure is so conspicuous that the rock 

Fig. GOO. 



Basaltic pillars of the Kiisegrottc, Bertrich-Baden, half way between Treves and 
Coblentz. Height of grotto, from 7 to 8 feet. 

has the appearance of a heap of large cannon balls. According 
to M. Delesse, the centre of each spheroid has been a centre of 
crystallisation, around which the different minerals of the 
rock arranged themselves symmetrically during the process of 
cooling. But it was also, he says, a centre of contraction, pro* 


Fig. B99. 



Columnar basalt- in tlio Vicentin. 
(Fortis.) 
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duced by the same cooling, the globular form, therefore, of such 
spheroids being the combined result of crystallisation and con- 
traction. 1 * * To this same contraction 
we may attribute some cases of co- 
lumnar structure in sedimentary 
strata such as volcanic ash, shale and 
sandstone, which had been heated 
by the proximity of volcanic dikes. 

Mr. Scropo gives as an illustra- 
tion of this structure a resinous 
trachyte or pitchstone-porphyry 
in one of the Ponza islands, which 
rise from the Mediterranean, off 
the coast of Tcrracina and Gaeta. 
The globes vary from a few inches 
to three feet in diameter, and are 
of an ellipsoidal form (see fig. 601). 
The whole rock is in a state of de- 
composition, ‘ and when the balls,’ 
says Mr. Scrope, ‘ have been ex- 
posed a short time to the weather, 
they scale off at a touch into 
numerous concentric coats, like 
those of a bulbous root, inclosing a 
compact nucleus. The laminae of this nucleus have not been so 
much loosened by decomposition ; but the application of a ruder 
blow will produce a still further exfoliation.’ 8 This spheroidal 
structure may be also seen in volcanic ash at Burntisland and 
elsewhere. 

Volcanic or Trap Bikes. — The leading varieties of the 
trappean rocks— basalt, trachyte, and the rest — are found 
sometimes in dikes penetrating stratified and unstratified for- 
mations, sometimes in shapeless masses protruding through 
or overlying them, or in horizontal sheets intercalated between 
Strata. Fissures have already been Bpoken of as occurring in all 
kinds of rocks, some a few feet, others many yards in width, 
and often filled up with earth or angular pieces of stone, or 
with sand and pebbles. Instead of such materials, suppose a 
quantity of melted stone to be driven or injected into an open 
rent, and there consolidated, we have then a tabular mass 
resembling a wall, and called a trap dike. It is not uncommon 
to find such dikes passing through strata of soft materials, 

1 Delesse, Sur les Roches Globu- 2 Scrope, Geol. Trans. 2nd scries, 

buses, Mdm. de la Soc. Geol. de vol. ii. p. 205. 

France, 2 ser. tom. iv. 


Fig. 601. 



Globiform pilchstonc. Chiaja di 
Luna, Isle of Ponza. (Scropo.) 
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Buch as tuff, scorire, or shale, which, being more perishable 
than the trap, are often washed away by the sea, rivers, or 
rain, in which case the dike stands prominently out on the face 
of precipices, or on the level surface of a country, as may be 
seen in Madeira (see fig. 602 ) and in many parts of Scotland. 


Fig. 602. 



Dike in valley, near Brazen Head, Madeira. (From a drawing of 
Capt. Basil Hall, R.N.) 

In the islands of Arran and Skye, and in other parts of Scot- 
land, where sandstone, conglomerate, and other hard rocks are 
traversed by dikes of trap, the converse of the above pheno- 
menon is also seen. The dike, having decomposed more rapidly 
than the containing rock, has once more loft opon the original 
fissure, often for a distance of many yards inland from the sea- 
coast. There is yet another case, by no means uncommon in 
Arran and other parts of Scotland, where the strata in contact 
with the dike, and for a certain distance from it, have been 
hardened, so as to resist the action of the weather more than 
the dike itself or the surrounding rocks. When this happens, 
two parallel walls of indurated strata are seen protruding above 
the general level of the country and following the course of the 


Fig. G03. 



Ground plan of greenstone dikes traversing sandstone. Arran. 


dike. In fig. 603, a ground plan is given of a ramifying dike 
of greenstone, which I observed, cutting through sandstone on 
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the beach near Kildonan Castle, in Arran. The larger branch 
varies from 5 to 7 feet in width, which will afford a scale of 
measurement for the whole. 

In the Hebrides and other countries, the same masses of trap 
which occupy the surface of the country far and wide, concealing 
the subjacent stratified rocks, are seen also in the sea cliffs, pro- 
longed downwards in veins or dikes, which probably unite with 
other masses of igneous rock at a greater depth. 

Every variety of trap-rock is sometimes found in dikes, as 
trachyte, basalt, and all the greenstones, besides the different 
felstones. The amygdaloidal traps also occur, though more 
rarely, and even tuff and breccia, for the materials of these last 
may be washed down into open fissures at the bottgm of the sea, 
or during eruption on the land may be showered into them from 
the air. Some dikes of trap may be followed for leagues un- 
interruptedly in nearly a straight direction, as in the North of 
England, showing that the fissures which they fill must have been 
of extraordinary length. 

Stocks altered by volcanic dikes. — After these remarks on 
the form and composition of dikes themselves, I shall describe 
the alterations which they sometimes produce in the rocks in 
contact with them. The changes are usually such as the heat of 
melted matter and of the entangled steam and gases might be 
expected to cause. 

Plas-Newydd : Dike cutting through shale . — A striking exam- 
ple, near Plas-Newydd, in Anglesea, has been described by Pro- 
fessor Henslow. 1 The dike is 134 feet wide, and consists of a 
rock which is a compound of triclinic felspar and augite. 
Strata of shale and argillaceous limestone, through wliich it 
cuts perpendicularly, are altered to a distance of 30, or even in 
some pfiaces, of 35 feet from the edge of the dike. The shale, 
as it approaches the trap, becomes gradually more compact, 
and is most indurated where nearest the junction. Here it 
loses part of ^its schistose structure, but the separation into 
parallel layers is still discernible. In several places the shale 
is converted into hard porcellanous jasper. In the most 
hardened part of the maBs the fossil shells, principally Producti , 
are nearly obliterated ; yet even here their impressions may fre- 
quently be traced. The argillaceous limestone undergoes ana- 
logous mutations, losing its early texture as it approaches the 
dike, and becoming granular and crystalline. But the most 
extraordinary phenomenon is the appearance in the shale of 
numerous crystals of analcime and garnet, which are distinctly 
confined to those portions of the rock affected by the dike.® 

1 Cambridge Transactions, vol. i. p. 402. 2 Ibid., vol. i. p. 410* 
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Some garnets contain as much as 20 per cent, of lime, which 
they may have derived from the decomposition of the fossil 
shells or Producti. The same mineral has been observed, under 
very analogous circumstances, in High Teesdale, by Professor 
Sedgwick, where it also occurs in shale and limestone, altered 
by basalt. 1 

Antrim: Dike cutting through chalk . — In several parts of tlio 
county of Antrim, in the north of Ireland, chalk with hints is 
traversed by basaltic dikes. The chalk is there converted into 
granular marble near the basalt, the change sometimes extend- 
ing 8 or 10 feet from the wall of the dike, being greatest near 
the point of contact, and thence gradually decreasing till it 
becomes evanescent. ‘ The extreme effect/ says Hr. Berger, 

4 presents a dark brown crystalline limestone, the crystals 
running in hakes as large as those of coarse primitive (meta- 
morphic) limestone ; the next state is saccharine, then fine 
grained and arenaceous ; a compact variety, having a porcel- 
lanous aspect and a bluisli-grey colour, succeeds : this, towards 
the outer edge, becomes yellowish- white, and insensibly gra- 
duates into the unaltered chalk. The hints in the altered chalk 
usually assume a grey yellowish colour.’ 2 All traces of organic 
remains are effaced in that part of the limestone which is most 
crystalline. 

Fig. G04. 



Dike 35 ft. Dike Dike 20 ft. 

1 ft. 

Basaltic dikes in chalk in Island of Itathlin, Antrim. 

Ground plan as seen on the beach. (Conybearc and Buckland.") 

The annexed drawing (fig. 604) represents three basaltic dikes 
traversing the chalk, all within the distance of 90 feet. The 
chalk contiguous to the two outer dikes is converted into a 
finely granular marble, m m, as are the whole of the masses 
between the outer dikes and the central one. In some cases 
the change undergone by the chalk is of a chemical nature, 
and the rock, besides being indurated and crystallised, is also 
dolomitised. The entire contrast in the composition and colour 

. 1 Cambridge Transactions, vol. ii. vol. iii. p. 172. 

p. 175. 3 Geol. Trans. 1st series, vol. iii. 

2 Dr. Berger, Geol. Trans. 1st ser. p. 210, and plate 10. 



It is by no means uncommon to meet witii tne same rocks, 
even in the same districts, almost wholly unchanged in the 
proximity of volcanic dikes. This great inequality in the effects 
of the igneous rocks may often arise from an original difference 
in their temperature, and in that of the entangled gases, such as 
is ascertained to prevail in different lavas, or in the same lava 
near its source and at a distance from it. The power also of 
the invaded rocks to conduct heat may vary, according to their 
composition, structure, and the fractures wliich they may have 
experienced, and perhaps, also, according to the quantity of 
water (so capable of being heated) which they contain. It 
must happen in some cases that the component materials are 
mixed in such proportions as to prepare them readily to enter 
into chemical union, and form new minerals ; while in other 
cases the mass may be more homogeneous, or the proportions 
less adapted for such union. 

We must also take into consideration, that one fissure may 
be simply filled with lava, which may begin to cool from the 
first ; whereas in other cases the fissure may give passage to a 
current of melted matter, which may ascend for days or months, 
feeding streams which are overflowing the country above, or 
being ejected in the shape of scoria) from some crater. If the 
walls of a rent, moreover, are heated by hot vapour before the 

1 Geol. Trans. 1st series, vol. iii. p. 3 Sedgwick, Camb. Trans,, vol. ii. 
213 ; and Playfair, Illust. of Hutt. p. 37. 

Theory, s. 253. 
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lava rises, as we know may happen on the flanks of a volcano, 
the additional heat supplied by the dike and its gases will act 
more powerfully. 

Intrusion of trap between strata. — Masses of trap are not 
unfrequently met with intercalated between strata, and main- 
taining their parallelism to the planes of stratification through- 
out large areas. They must in some places have forced their 
way laterally between the divisions of the strata, a direction in 
which there would be the least resistance to an advancing fluid, 
if no vertical rents communicated with the surface, and a 
powerful hydrostatic pressure were caused by gases propelling 
the lava upwards. 

Relation of Trappeaa rooks to tbe products of active 
volcanos. — When we reflect on the changes above described in 
strata near their contact with trap dikes, and consider how 
complete is the analogy or often identity in composition and 
structure of the rocks called trappean and the lavas of -active 
volcanos, it seems difficult at first to understand how so much 
doubt could have prevailed for half a century as to whether 
trap was of igneous or aqueous origin. To a certain extent, 
however, there was a real distinction between the trappean for- 
mations and those to which the term volcanic was almost exclu- 
sively confined. A large portion of the trappean rocks first 
studied in the north of Germany, and in Norway, France, 
Scotland, and other countries, were such as had been formed 
entirely under water, or had been injected into fissures and 
intruded between strata, and which had never flowed out in the 
air, or over the bottom of a shallow sea. When these products, 
therefore, of submarine or subterranean igneous action were 
contrasted with loose cones of scorise, tuft’, and lava, or with 
narrow streams of lava in great part scoriaceous and porous, 
such as were observed to have proceeded from Vesuvius and 
Etna, the resemblance seemed remote and equivocal. It was, 
in truth, like comparing the roots of a tree with its leaves and 
branches, which, although they belong to the same plant, 
differ in form, texture, colour, mode of growth, and position. 
The external cone, with its loose ashes and porous lava, may 
be likened to the light foliage and branches, and the rocks con- 
cealed far below, to the roots. But it is not enough to say of 
the volcano, 

quantum vertice in auras 
^Etherias, tantum radice in Tartars tendit, 

for its roots do literally reach downwards to Tartarus, or to 
the regions of subterranean fire ; and what is concealed far 
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below is probably always more important in volume and extent 
than what is visible above ground. 

We have already stated how frequently dense masses of 
strata have been removed by denudation from wide areas (see 
Chap. VI. ) ; and this fact prepares us to expect a similar de- 
struction of whatever may once have formed the uppermost part 
of ancient submarine or subaerial volcanos, more especially a 

those superficial parts are always 
of the lightest and most perish- 
able materials. The abrupt 
manner in which dikes of trap 
usually terminate at the surface 
(see fig. G05), and the water- worn 
pebbles of trap in the alluvium 
which covers the dike, prove 
incontestably that whatever was 
uppermost in these formations 
has been swept away. It is easy, 
therefore, to conceive that what 
is gone in regions of trap may have corresponded to what is 
now visible in activo volcanos. 

As to the absence of porosity in the trappean formations, the 
appearances are in a great degree deceptive, for all amygdaloids 
are, as already explained, porous rocks, into the cells of which 
mineral matter such as silex, carbonate of lime, and other 
ingredients, have been subsequently introduced (see p. 506) ; 
sometimes, perhaps, by secretion during the cooling and con- 
solidation of lavas. In the Little Cumbray, one of the Western 
Islands, near Arran, the amygdaloid sometimes contains elon- 
gated cavities filled with brown spar ; and when the nodules 
have been washed out, the interior of the cavities is glazed with 
the vitreous varnish so characteristic of the pores of slaggy 
lavas. Even in some parts of this rock which are excluded 
from air and water, the cells are empty, and seem to have 
always remained in this state, and are therefore undistinguish- 
able from some modern lavas. 1 

Dr. MacCulloch, after examining with great attention these 
and the other igneous rocks of Scotland, observes, ‘ that it is a 
mere dispute about terms, to refuse to the ancient eruptions of 
trap the name of submarine volcanos ; for they are such in every 
essential point, although they no longer eject fire and smoke.’ 
The same author also considers it not improbable that some of 

1 MacCulloch, West. Islands, vol. ii. p. 487. 


Fig. 605. 



Strata intercepted by a trap dike, 
and covered with alluvium. 
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the volcanic rocks of the same country may have been poured 
out in the open air. 1 

It will be seen in the following chapters, that in the earth’s 
crust there are volcanic tuffs of all ages, containing marine 
shells, which bear witness to eruptions at many successive 
geological periods. These tuffs, and the associated trappean 
rocks, must not be compared to lava and scoria) which have 
cooled in the open air. Their counterparts must be sought in 
the products of modern submarine volcanic eruptions. If it be 
objected that we have no opportunity of studying these last, it 
may be answered, that subterranean movements have caused, 
almost everywhere in regions of active volcanos, great changes 
in the relative level of land and sea, in times comparatively 
modem, so as to expose to view the effects of volcanic opera- 
tions at the bottom of the sea. 

1 Syst. of Gcol., vol. ii. p. 111. 
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CHAPTER XXIX. 

ON THE AGES OF VOLCANIC ROCKS. 

Tests of relative age of volcanic rocks — Why ancient and modem rocks can- 
not be identical — Tests by superposition and intrusion — Test by alteration 
of rocks in contact — Test by organic remains — Test of age by mineral 
character — Test by included fragments — Post-Tertiary volcanic rocks — 
Vesuvius, Auvergne, Puy de Come, and Puy de Pariou — Newer Pliocene 
volcanic rocks — Cyclopean Isles, Etna, Pikes of Patagonia, Madeira 
— Older Pliocene volcanic rocks — Italy — Pliocene volcanos of the Eifel 
— Trass. 

Having in the former part of this work referred the sedi- 
mentary strata to a long succession of geological periods, we 
have now to consider how far the volcanic formations can be 
classed in a similar chronological order. The tests of relative 
age in this class of rocks are four : 1st, superposition and in- 
trusion, with or without alteration of the rocks in contact ; 
2nd, organic remains ; 3rd, mineral characters ; 4th, included 
fragments of older rocks. 

Besides these four tests it may be said in a general way, that 
volcanic rocks of Primary or Palaeozoic antiquity differ from 
those of the Secondary or Mesozoic age, and these again from 
the Tertiary and Recent. Not perhaps that they differed 
originally in a greater degree than the modem volcanic rocks 
of one region, such as that of the Andes, differ from those of 
another such as Iceland, but because all rocks permeated by 
water, especially if its temperature be high, are liable to undergo 
a slow transmutation, even when they do not assume a new 
crystalline form like that of the hypogene rocks. 

Although subaerial and submarine denudation, as before 
stated, remove, in the course of ages, large portions of the 
upper or more superficial products of volcanos, yet these are 
sometimes preserved by subsidence, becoming covered by the sea 
or by superimposed marine deposits. In this way they may bo 
protected for ages from the waves of the sea, or the destroying 
action of rivers, while, at the same time, they may not sink so 
deep as to be exposed to that plutonic action (to be spoken of 
in Chapter XXXI.), which would convert them into crystalline 
rocks. But even in this case, they will not remain unaltered, 
because they will be percolated by water often of high tempe- 
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rature and charged with carbonate of lime, silex, iron, and 
other mineral ingredients, whereby gradual changes in the 
constitution of the rocks may bo superinduced. Every geo- 
logist is aware how often silicified trees occur in volcanic tuffs, 
the perfect preservation of their internal structure showing 
that they have not decayed before the petrifying material was 
supplied. 

The porous and vesicular nature of a large part, both of the 
basaltic and trachytic lavas, affords cavities in which silex and 
carbonate of lime are readily deposited. The minerals of the 
zeolite family which are so commonly found in amygdaloidal 
cavities are closely related in composition to the felspars, which, 
however, differ in being anhydrous. Daubree and others have 
shown that the zeolites are formed by the action of jiercolating 
water upon the felspatliic ingredients of rocks, while Bunsen 
has also shown in his researches into the volcanic rocks of 
Iceland that they may be formed directly in molten masses. 
From these considerations it follows that the perfect identity of 
very ancient and very modern volcanic formations is scarcely 
possible. 

Tests by superposition. — If a volcanic rock rest upon an 
aqueous deposit, the volcanic must be the newest of the two ; 
but the like rule does not hold good where the aqueous forma- 
tion rests upon the volcanic, for melted matter, rising from 
below, may penetrate a sedimentary mass without reaching the 
surface, or may be forced in conformably between two strata, 
as b below n in the annexed figure (fig. 006), after which it may 


Fig. GOG. 



cool down and consolidate. Superposition, therefore, is not of 
the same value as a test of age in the unstratified volcanic rocks 
as in fossiliferous formations. We can only rely implicitly on 
this test where the volcanic rocks are contemporaneous, not 
where they are intrusive. Now, they are said to be contem- 
poraneous if produced by volcanic action which was going on 
simultaneously with the deposition of the strata with which 
they are associated. Thus in the section at n (fig. 606), we 
may perhaps ascertain that the trap b flowed over the fos&ili- 
ferous bed c, and that, after its consolidation, a was deposited 
upon it, a and c both belonging to the same geological period. 
But, on the other hand, we must concludo the trap to be intru- 
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sive, if the stratum a be altered by b at the point of contact, or 
if, in pursuing b for some distance, we find at length that it cuts 
through the stratum a, and then overlies it as at e. 

We may, however, be easily deceived in supposing the vol- 
canic rock to be intrusive, when in reality it is contempo- 
raneous ; for a sheet of lava, as it spreads over the bottom of 
the sea, cannot rest everywhere upon the same stratum, either 
because these have been denuded, or because, if newly thrown 
down, they thin out in certain places, thus allowing the lava to 
cross their edges. Besides the heavy igneous fluid will often, 
as it moves along, exit a channel into beds of soft mud and sand. 
Suppose the submarine lava v (fig. GOT) to have come in contact 
Pi g> G07m in this manner with the strata 

a , b , c, and that after its con- 
solidation the strata <2, e, are 
thrown down in a nearly hori- 
zontal position, yet so as to lie 
un conformably to F, the appear- 
ance of subsequent intrusion will 
here be complete, although the 
trap is in fact contemporaneous. We must not, therefore, 
hastily infer that the rock f is intrusive, unless we find the 
overlying strata <2 , e, to have been altered at their junction, 
as if by heat. 

The test of age by superposition is strictly applicable to all 
stratified volcanic tuffs, according to the rules already explained 
in the case of sedimentary deposits (see p. 101). 

Test of age by organic remains. — We have seen how, in 
the vicinity of activo volcanos, scoriie, pumice, fine sand, and 
fragments of rock are thrown up into the air, and then 
showered down upon the land, or into neighbouring lakes or 
seas. In the tuffs so formed shells, corals, or any other durable 
organic bodies which may happen to be strewed over the 
bottom of a lake or sea will be embedded, and thus continue 
as permanent memorials of the geological period when the vol- 
canic eruption occurrod. Tufaceous strata thus formed in the 
neighbourhood of Vesuvius, Etna, Stromboli, and other vol- 
canos now in islands or near the sea, may give information of 
the relative age of these tuffs at some remote future period 
when the fires of these mountains are extinguished. By evi- 
dence of this kind we can establish a coincidence in age between 
volcanic rocks and the different primary, secondary, and tertiary 
fossiliferous strata. 

The tuffs alluded to may not always be marine, but may 
include, in some places, freshwater shells ; in others, the bones 
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of terrestrial quadrupeds. The diversity of organic remains in 
formations of this nature is perfectly intelligible, if we reflect 
on the wide dispersion of ejected matter during late eruptions, 
such as that of the volcano of Coseguina, in the province of 
Nicaragua, January 19, 1835. Hot cinders and fine scoriae 
were then cast up to a vast height, and covered the ground as 
they fell to the depth of more than 10 feet for a distance of 
8 leagues from the crater in a southerly direction. Birds, 
cattle, and wild animals were scorched to death in great 
numbers, and buried in ashes. Some volcanic dust fell at 
Clriapa, upwards of 1 ,200 miles, not to leeward of the volcano 
as might have been anticipated, but to windward* a striking 
proof of a counter-current in the upper region of the atmo- 
spliere ; and some on Jamaica, about 700 miles distant to the 
north-east. In the sea, also, at the distance of 1,100 miles 
from the point of eruption, Captain Eden of the ‘ Conway ’ 
sailed 40 miles through floating pumice, among which were some 
pieces of considerable size. 1 

Test of agre by mineral composition. — As sediment 
homogeneous composition, when discharged from the mouth of 
a large river, is often deposited simultaneously over a wide 
space, so a particular kind of lava flowing from a crater during 
one eruption, may spread over an extensive area ; thus in Ice- 
land in 1783, the melted matter, pouring from Skaptar Jokul, 
flowed in streams in opposite directions, and caused a con- 
tinuous mass the extreme points of which were 90 miles distant 
from each other. This enormous current of lava varied in 
thickness from 100 feet to 600 feet, and in breadth from that 
of a narrow river gorge to 15 miles. 2 Now, if such a mass 
should afterwards be divided into separate fragments by denu- 
dation, we might still perhaps identify the detached portions 
by their similarity in mineral composition. Nevertheless, this 
test will not always avail the geologist ; for, although there is 
usually a prevailing character in lava emitted during the same 
eruption, and even in the successive currents flowing from the 
same volcano, still, in many cases, the different parts even of 
one lava-stream, or, as before stated, of one continuous mass of 
trap, vary much in mineral composition and texture. 

In Auvergne, the Eifel, and other countries where trachyte 
and basalt are both present, the trachytic rocks are for the most 
part older than the basaltic. These rocks do, indeed, some- 
times alternate partially, as in the volcano of Mount Dore, in 
Auvergne : and in Madeira trachytic rocks overlie an older 

1 Caldcleugh, Phil. Trans. 18SG, p. 27. 

2 See Principles, Index , 4 Skaptar Jokul.’ 
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basaltic series ; but the trachyte occupies more generally an 
inferior position, and is cut through and overflowed by basalt. 
It can by no means be inferred that trachyte predominated at 
one period of the earth’s history and basalt at another, for we 
know that trachytic lavas have been formed at many successive 
periods, and are still emitted from many active craters ; but it 
seems that in each region, where a long series of eruptions have 
occurred, the lavas containing felspar more rich in silica have 
been first emitted, and the escape of the more augitic kinds has 
followed. The hypothesis suggested by Mr. Scrope may, 
perhaps, afford a solution of this problem. The minerals, he 
observes, ighich abound in basalt are of greater specific gravity 
than those composing the felspathic lavas ; thus, for example, 
both augite and olivine are more than three times as heavy as 
water ; whereas ortlioclase and quartz have a specific gravity of 
little more than 2*5 ; and the difference is increased in con- 
sequence of there being usually much more iron in state of oxide 
in basaltic than in trachytic lavas. If, therefore, a largo 
quantity of rock be melted up in the bowels of the earth by 
volcanic heat, the denser ingredients of the boiling fluid may 
sink to the bottom, and the lighter remaining above would in 
that case be first propelled upwards to the surface by the 
expansive power of gases. Those materials, therefore, which 
occupy the lowest place in the subterranean reservoir will always 
be emitted last, and take the uppermost place on the exterior of 
the earth’s crust. 

Test by included fragments. — Wo may sometimes discover 
the relative age of two trap rocks, or of an aqueous deposit and 
the trap on which it rests, by finding fragments of one included 
in the other in cases such as those before alluded to, where the 
evidence of superposition alone would be insufficient. It is 
also not uncommon to find a conglomerate almost exclusively 
composed of rolled pebbles of trap, associated with some fossili- 
ferous stratified formation in the neighbourhood of massive trap. 
If the pebbles agree generally in mineral character with the 
latter, we are then enabled to determine its relative age by 
knowing that of the fossiliferous strata associated with the con- 
glomerate. The origin of such conglomerates is explained by 
observing the shingle beaches composed of trap pebbles in 
modem volcanos, as at the base of Etna. I have already 
alluded (p. 508) to the formation of angular breccias or agglo- 
merates near the mouths of craters. 

Post-Tertiary volcanic rooks. — I shall now select examples 
of contemporaneous volcanic rocks of successive geological 
periods, to show that igneous causes have been in activity 
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in all past ages of the world. They have been perpetually 
shifting the places where they have broken out at the earth’s 
surface, and we can sometimes prove that those areas which 
are now the great theatres of volcanic action were in a state 
of perfect tranquillity at remote geological epochs, and that, 
on the other hand, in places where at former periods the most 
violent eruptions took place at the surface and continued for a 
great length of time, there has been an entire suspension of 
igneous action in historical times, and even as in the British 
Isles throughout a large part of the antecedent Tertiary Period. 
The most recent volcanic rocks in the British Islands fire those 
occurring in the Hebrides and the North of Ireland, which from 
their intimate association with the Secondary strata were long 
supposed to be of contemporaneous date with them. But in 
1851 the Duke of Argyll and Prof. Edward Forbes proved that 
a part, at least, of these old lavas were erupted during the 
Miocene Period. Prof. A. Geikie in 18(>5 discovered that none 
of these volcanic rocks are contemporaneous with the Secondary 
rocks, but that they are all of subsequent, and probably of 
Tertiary age ; while Mr. Judd has recently shown that they are 
products of three distinct periods of eruption, which with a 
strong show of probability may be correlated with the Eocene, 
Miocene, and Pliocene respectively, 1 but the denudation has 
been such that no cones or craters indicating the exact points of 
eruption have been preserved. One portion of the lavas, tuffs, 
and trap-dikes of Etna, Vesuvius, and the island of Ischia has 
been produced within the historical era ; another and a far more 
considerable part originated at times immediately antecedent, 
when the waters of the Mediterranean were already inhabited 
by the existing testacea, but when certain species of elephant, 
rhinoceros, and other quadrupeds now extinct, inhabited 
Europe. 

Vesuvius . — I have traced in the 1 Principles of Geology * the 
history of the changes which the volcanic region of Campania is 
known to have undergone during the last 2,000 years. The 
aggregate effect of igneous operations during that j>eriod is far 
from insignificant, comprising as it does the formation of the 
modern cone of Vesuvius since the year 79, and the production 
of several minor cones in Ischia, together with that of Monte 
Nuovo in the year 1538. Lava-currents have also flowed upon 
the land and along the bottom of the sea — volcanic sand, pumice, 
and scoriae have been showered down so abundantly that whole 
cities were buried — tracts of the sea have been filled up or con- 

1 Secondary Rocks of Scotland, brides. Read at the Geol. Soc. of 
II., Ancient Volcanoes of the lie- London, Jan. 21, 1874. 
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verted into shoals— and tufaceous sediment has been transported 
rivers and land-floods to the sea. There are also proofs, 
during the same recent period, of a permanent alteration of the 
relative levels of the land and sea in several places, and of the 
same tract having, near Puzzuoli, been alternately upheaved 
and depressed to the amount of more than 20 feet. In con- 
nection with these convulsions, there are found, on the shores 
of the Bay of Baiae, recent tufaceous' strata, filled with articles 
fabricated by the hands of man, and mingled with marine shells. 

It has also been stated above (p. 188), that when we examine 
this same region, it is found to consist largely of tufaceous 
strata, of a date anterior to human history or tradition, which 
are of such thickness as to constitute hills from 500 to more than 
2,000 feet in height. Borne of these strata contain marine shells 
which are exclusively of living species, others contain a slight 
mixture, 1 or 2 per cent., of species not known as living. 

The ancient x>art of Vesuvius is called Somma, and consists 
of the remains of an older cone which appears to have been 
partly destroyed by explosion. In the great escarpment which 
this remnant of the ancient mountain presents towards the 
modern cone of Vesuvius, there are many dikes which are for 
the most part vertical, and traverse the inclined beds of lava 
and scoriae which were successively superimposed during those 
eruptions by which the old cone was formed. They j>roject in 
relief several inches, or sometimes feet, from the face of the 
cliff, being extremely compact, and less destructible than the 
intersected tuffs and porous lavas. In vertical extent they vary 
from a few yards to 500 feet, and in breadth from 1 to 12 feet. 
Many of them cut all the inclined beds in the escarpment of 
Somma from top to bottom, others stop short before they ascend 
above half way. In mineral composition they scarcely differ 
from the lavas of Somma, the rock consisting of a base of leucite 
and augite, through which large crystals of augite and some of 
leucite are scattered. 

Nothing is more remarkable than the usual parallelism of the 
opposite sides of the dikes, which correspond almost as regularly 
as the two ox>positc faces of a wall of masonry. Tliis character 
appears at first the more inexplicable, when we consider how 
jagged and uneven are the rents caused by earthquakes in 
masses of heterogeneous composition, like those composing the 
cone of Somma. In explanation of this phenomenon, M. Necker 
refers us to Sir W. Hamilton’s account of an eruption of Vesu- 
vius in the year 1779, who records the following fact : — i The 
lavas, when they either boiled over the crater, or broke out 
from the conical parts of the volcano, constantly formed channels 
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as regular as if they had been cut by art down the steep part of 
the mountain ; and, whilst in a state of perfect fusion, continued 
their course in those channels, which were sometimes full to the 
brim, and at other times more or less so, according to the 
quantity of matter in motion. 

i These channels (says the same observer), I have found upon 
examination after an eruption, to be in general from two to five 
or six feet wide, and seven or eight feet deep. They were often 
hid from the sight by a quantity of scoriae that had formed a 
crust over them ; and the lava, having been conveyed in a 
covered way for some yards, came out fresh again into an open 
channel. After an eruption, I have walked in some of those 
subterraneous or covered galleries, which were exceedingly 
curious, the sides, top, and bottom being worn perfectly smooth 
and even in most parts, by the violence of the currents of the 
red-hot lavas which they had conveyed for many weeks succes- 
sively. 5 I was able to verify .this phenomenon in 1858, when a 
stream of lava issued from a lateral cone. 1 Now, the walls of 
a vertical fissure, through which lava has ascended in its 
way to a volcanic vent, must have been exposed to the same 
erosion as the sides of the channels before adverted to. The 
prolonged and uniform friction of the heavy fluid, as it is 
forced and made to flow upwards, cannot fail to wear and 
smooth down the surfaces on which it rubs, and the intense 
heat must melt all such masses as project and obstruct the 
passage of the incandescent fluid. 

The rock composing the dikes both in the modern and an- 
cient part of V esuvius is far more compact than that of ordinary 
lava, for the pressure of a column of melted matter in a fissure 
greatly exceeds that in an ordinary stream of lava ; and pressure 
checks the expansion of those gases which give rise to vesicles 
in lava. There is a tendency in almost all the Vesuvian dikes 
to divide into horizontal prisms, a phenomenon in accordance 
with the formation of vertical columns in horizontal beds of 
lava ; for in both cases the divisions which give rise to the 
X>rismatic structure are at right angles to the cooling surfaces. 
(See above, p. 509.) 

Auverg'ne . — Although the latest eruptions in Central France 
seem to have long preceded the historical era, they are so modern 
as to have a very intimate connection with the present super- 
ficial outline of the country and with the existing valleys and 
river-courses. Among a great number of cones with perfect 
craters, one called the Puy de Tartaret sent forth a lava-cur- 


1 Principles of Geology, vol. i. p. G2G. 
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rent which can he traced up to its crater and which flowed for a 
distance of 13 miles along the bottom of the present valley to the 
village of Neehers, covering the alluvium of the old valley in 
which were preserved the bones of an extinct species of horse, 
and of a lagomys and other quadrupeds all closely allied to 
recent animals, while the associated land-shells were of species 
now living, such as Cyclostoma elegans , Helix hortensis, H. nemor- 
alisj II. l« pic Ida, and Claud lia rugosa. That the current which 
has issued from the Puy de Tartaret may, nevertheless, be very 
ancient in reference to the events of human history, we may 
conclude, not only from the divergence of the mammiferous 
fauna from that of our day, but from the fact that a Roman 
bridge of such form and construction as continued in use only 
down to the fifth century, but which may be older, is now seen at 
a place about a mile and a half from St. Nectaire. This ancient 
bridge spans the river Couze with two arches, each about 14 
feet wide. Theso arches spring from the lava of Tartaret, on 
both banks, showing that a ravine precisely like that now existing, 
had already been excavated by the river through that lava 
thirteen or fourteen centuries ago. 

While the river Couze has in most cases, as at the site of this 
ancient bridge, been simply able to cut a deep channel through 
the lava the lower portion of which is shown to be columnar, 
the same torrent has in other places, where the valley was con- 
tracted to a narrow gorge, had power to remove the entire mass 
of basaltic rock, causing for a short space a complete breach of 
continuity in the volcanic current. The work of erosion has 
been very slow as the basalt is tough and hard, and one column 
after another must have been undermined and reduced to 
pebbles, and then to sand. During the time required for this 
operation, the perishable cone of Tartaret, occupying the lowest 
part of the great valley descending from Mount Dore and 
damming up tho river so as to cause the Lake of Chambon, 
has stood uninjured, proving that no great flood or deluge can 
have passed over this region in the interval between the eruption 
of Tartaret and our own times. 

Puy de Come . — The Puy de Come and its lava-current, near 
Clermont, may be mentioned as another minor volcano of about 
the same age. This conical hill rises from the granitic platform, 
at an angle of between 30° and 4CP, to the height of more than 
900 feet. Its summit presents two distinct craters, one of 
them with a vertical depth of 250 feet. A stream of lava takes 
its rise at the western base of the hill instead of issuing from 
either crater, and descends the granitic slope towards the pre- 
sent site of the town of Pont Gibaud. Thence it pours in a 
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broad sheet down a steep declivity into the valley of the Sioule, 
filling, the ancient river-channel for the distance of more than a 
mile. The Sioule, thus dispossessed of its bed, has worked out 
a fresh one between tho lava and the granite of its western 
bank ; and the excavation has disclosed, in one spot, a wall of 
columnar basalt about 50 feet high. 1 2 

The excavation of the ravine is still in progress, every winter 
some columns of basalt being undermined and carried down tho 
channel of the river, and in the course of a few miles rolled to 
sand and pebbles. Meanwhile the cone of Come remains un- 
impaired, its loose materials being protected by a dense vege- 
tation, and the hill standing on a ridge not commanded by any 
higher ground, so that no floods of rain-water can descend upon 
it. There is no end to the waste which the hard basalt may 
undergo in future, if the physical geography of the country con- 
tinue unchanged, no limit to the number of years during 
which the heap of incoherent and transportable materials called 
the Puy de Come may remain in an almost stationary condition. 

Puy de. Pariou. — The brim of the crater of the Puy de Pariou, 
near Clermont, is so sharp, and has been so little blunted by 
time, that it scarcely affords room to stand upon. This and 
ether cones in an equally remarkable state of integrity have 
stood, I conceive, uninjured, not in spite of their loose porous 
nature, as might at first be naturally supposed, but in conse- 
quence of it. No rills can collect where all the rain is instantly 
absorbed by the sand and scoria;, as is remarkably the case on 
Etna ; and nothing but a waterspout breaking directly upon the 
Puy de Pariou could carry away a jiortion of the hill, so long as 
it is not rent or engulphed by earthquakes. 3 

XOTewer Pliocene Volcanic Rocks. — The more ancient por- 
tion of Vesuvius and Etna originated at the close of the Newer 
Pliocene period, when less than ten, sometimes only one, in a 
hundred of the shells differed from thoso now living. In the 
case of Etna, it was beforo stated (p. 186) that Pleistocene 
formations occur in the neighbourhood of Catania; while the 
oldest lavas of the great volcano are Pliocene. These last are 
soen associated with sedimentary deposits at Trezza and other 
places on the southern and eastern flanks of the great cone. 

Cyclopean Islands . — The Cyclopean Islands, called by the Sici- 
lians Pei Faraglioni, in the sea-cliffs of which these beds of clay, 


1 Scrope’s Central France, p. CO, 
and plate. 

2 I have elsewhere shown (Anti- 
quity of Man, 4th ed., 1873, p. 228) 

that in the neighbouring district of 


the Velay or Haute Loire, about 60 
miles S.E. of Clermont, there arc 
proofs of the eruptions having reached 
down to the human, though not to 
the historical^ period. 



530 


THE CYCLOPEAN ISLES. 


[CF. XXIX. 


lava and tuff are laid open to view, are situated in the Bay of 
Trezza, and may be regarded as the extremity of a promontory 
severed from the main land. Here numerous proofs are seen 
of submarine eruptions, by which the argillaceous and sandy 
strata were invaded and cut through, and tufaceous breccias 
formed. Enclosed in these breccias are many angular and 
hardened fragments of laminated clay in different states of 
alteration by heat, and intermixed with volcanic sands. 

The loftiest of the Cyclopean islets, or rather rocks, is about 
200 feet in height, the summit being formed of a mass of stra- 
tified clay, the laminae of which are occasionally subdivided by 
thin arenaceous layers. These strata dip to the N.W., and 
rest on a mass of columnar lava (see fig. 608) in which the tops 


Fig. 608. 



View of the Isle of Cyclops in the Bay of . 
(Drawn by Capt. Basil Hall, R.N.) 


of the pillars are weathered, and so rounded as to be often 
hemispherical. In some places in the adjoining and largest 
islet of the group, which lies to the north-eastward of that 
represented in the drawing (fig. 608), the overlying clay has 
been greatly altered and hardened by the igneous rock, and 
occasionally contorted in the most extraordinary manner; yet 
the lamination has not been obliterated, but, on the contrary, 
rendered much more conspicuous, by the indurating process. 

In the woodcut (fig. 609), I have represented a portion of 
the altered rock, a few feet square, where the alternating thin 
laminae of sand and clay are contorted in a manner often ob- 
served in ancient metamorphic schists. A great fissure, running 
from east to west, nearly divides this larger island into two 
parts, and lays open its internal structure. In the section 
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thus exhibited, a dike of lava is seen, first cutting through an 
older mass of lava, and then penetrating the superincumbent 
tertiary strata. In one place the lava ramifies and terminates 
in thin veins, from a few feet to a few inches in thickness (see 
fig. 010). The arenaceous laminae are much hardened at the 
Fig. 609. 



Contortions of strata in the largest 
of tlic Cyclopean Islands. 


Fig. CIO. 



Isle of Cyclops (horizontal section). 

a. Lava. b. Laminated clay and sand. 
c. The same altered. 


point of contact, and the clays are converted into siliceous 
schist. In this island the altered rocks assume a honeycomb 
structure on their weathered surface, singularly contrasted with 
the smooth and even outline which the same beds present in 
their usual soft and yielding state. 

Dikes of Patagonia . — Dikes of vesicular and amygdaloidal 
lava are also seen traversing marine tuff or peperino, west of 
Palagonia, some of the pores of the lava being empty, while 
others are filled with carbonate of lime. In such cases we may 
suppose the tuff to have resulted from showers of volcanic 
sand and scoriae, together with fragments of limestone, thrown 
out by a submarine explosion similar to that which gave rise to 
Graham Island in 1831. When the mass was, to a certain de- 
gree, consolidated, it may have been rent open, so that the lava 
ascended through fissures, the walls of which were perfectly 
even and parallel. In one case after the melted matter that 
filled the rent (fig. 611) had cooled down, it must have been 
fractured and shifted horizontally by a lateral movement. 

In the second figure (fig. 612), tho lava has more the appear- 
ance of a vein, which forced its way through the peperino. It 

A A? 
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is highly probable that similar appearances would be seen, if we 
could examine the floor of the sea in that part of the Mediter- 


Fig. Gil. Fig. Cl 2. 



Ground-plan of dikes near Falagonia. 

a. Lava. b. Pcperino, consisting of volcanic sand, mixed with fragments 
of lava and limestone. 

ranean where the waves have recently washed away the new 
volcanic island ; for when a superincumbent mass of ejected 
fragments has been removed by denudation, we may expect to 
see sections of dikes traversing tuff’, or, in other words, sections 
of the channels of communication by which the subterranean 
lavas reached the surface. 

Madeira . — Although the more ancient portion of the volcanic 
eruptions by which the island of Madeira and the neighbouring 
one of Porto Santo were built up occurred, as we shall presently 
see, in the Upper Miocene period, a still larger part of the 
island is of Pliocene date. That the latest outbreaks belonged 
to the Newer Pliocene Period, I infer from the close affinity to 
the present flora of Madeira of the fossil plants j)reserved in a 
leaf-bed in the north-eastern part of the island. These fossils 
associated with some lignite in the ravine of the river San 
Jorge, can none of them bo proved to be of extinct species, but 
their antiquity may be inferred from the following considera- 
tions. Firstly — The leaf-bed, discovered by Mr. Hartung and 
myself in 1853, at the height of 1,000 feet above the level of 
the sea, crops out at the base of a cliff formed by the erosion of 
a gorge, cut through alternating layers of basalt and scorise, 
the product of a vast succession of eruptions of unknown date, 
piled up to a thickness of 3,000 feet, and which were all poured 
out after the plants, of which about 20 species have been recog- 
nised, flourished in Madeira. These lavas are inclined at an 
angle of about 15° to the north, and came down from the great 
central region of eruption. Their accumulation implies a long 
period of intermittent volcanic action, subsequently to which 
the ravine of San Jorge was hollowed out. Secondly — Some 
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few of the plants, though perhaps all of living genera, are sup- 
posed to be of species not now existing in the island. They 
have been described by Sir Charles Bunbury and Professor 
Heer, and the former first pointed out that many of the leaves 
are of the laurel type and analogous to those now flourishing in 
the modem forests of Madeira. He also recognised among them 
the leaves of Woodivardia rad leans, and JJavallia Canariensis , 
ferns now abundant in Madeira. Thirdly — The great age of 
this leaf-bed of San J orge, which was perhaps originally formed 
in the crater of some ancient volcanic cone afterwards buried 
under lava, is proved by its belonging to a part of the eastern 
extremity of Madeira, which, after the close of the igneous 
eruptions, became covered in the adjoining district of Caniyal 
with blown sand in which a vast number of land shells were 
buried. These fossil shells belonged to no less than 30 species, 
among which are many now extremely rare in the island, and 
others, about 5 per cent. , extinct or unknown in any part of the 
world. Several of these of the genus Helix are conspicuous 
from the peculiarity of their forms, others from their large 
dimensions. The geographical configuration of the country shows 
that this shell-bed is considerably more modern than the leaf- 
bed, it must therefore be referred to the Newer Pliocene accord- 
ing to the definition of this period given in a former chapter 
(p. 120). 

Older Pliocene Period. — Italy . — In Tuscany, as at Radico- 
fani, Viterbo, and Aquapendente, and in the Campagna di 
Roma, submarine volcanic tufts are interstratified with the 
Older Pliocene strata of the Subapennine hills in such a manner 
as to leave no doubt that they were the products of eruptions 
which occurred when the shelly marls and sands of the Sub- 
aj>ennine hills were in the course of deposition. This opinion I 
expressed 1 after my visit to Italy in 1828, and it was confirmed 
in 1850 by the arguments adduced by Sir R. Murchison in 
favour of the submarine origin of the Tertiary volcanic rocks 
of Italy. 2 These rocks are well known to rest conformably on 
the Subapennine marls, even as far south as Monte Mario in 
the suburbs of Rome. On the exact age of the deposits of 
Monte Mario new light has recently been thrown by a careful 
study of their marine fossil shells, undertaken by MM. Rayneval, 
Vanden Hecke, and Ponzi. They have compared no less than 
160 species with the shells of the Coralline Crag of Suffolk, so 
well described by Mr. Searles Wood ; and the specific agreement 

1 See 1st edit, of Principles of Geo- chap. xxxi. 
logy, vol. iii. chaps, xiii. and xiv. 2 Geol. Quart. Journ., vol. vi. p 
1833 j and former edits, of this work, 281. 
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between the British and Italian fossils is so great, if we make 
due allowance for geographical distance and the difference of' 
latitude, that we can have little hesitation in referring both to 
the same period, or to the Older Pliocene of this work. It is 
highly probable that, between the oldest trachytes of Tuscany 
and the newest rocks in the neighbourhood of Naples, a series 
of volcanic products might be detected of every age from the 
Older Pliocene to the historical epoch. 

Pliocene Volcanos of the Eifel . — Some of the most perfect 
cones and craters in Europe, not even excepting those of 
the district round Vesuvius, may be seen on the left or 
west bank of the Rhine, near Bonn and Andcmach. They 
exhibit characters distinct from any which I have observed 
elsewhere, owing to the large part which the escape of aqueous 
vapour has played in the eruptions and the small quantities of 
lava emitted. The fundamental rocks of the district are grey 
and red sandstones and shales, with some associated limestones, 
replete with fossils of the Devonian or Old lied Sandstone 
group. The volcanos broke out in the midst of these inclined 
strata, and when the present systems of hills and valleys had 
already been formed. The eruptions occurred sometimes at the 
bottom of deej) valleys, sometimes on the summit of hills, and 
frequently on intervening platforms. In travelling through 
this district we often come upon them most unexpectedly, and 
may find ourselves on the very edge of a crater before we had 
been led to suspect that we were approaching the site of any 
igneous outburst. Thus, for example, on arriving at the 
village of Gemund, immediately south of Daun, we leave the 
stream, which flows at the bottom of a deep valley in which 
strata of sandstone and shale crop out. We then climb a steep 
hill, on the surface of whicli we see the edges of the same 
strata dipping inwards towards the mountain. When we have 
ascended to a considerable height, we see fragments of scoriae 
sparingly scattered over the surface ; until, at length, on reach- 
ing the summit, we find ourselves suddenly on the edge of a 
tarn, or deep circular lake-basin called the Gemunder Maar. 
In it we recognise the ordinary form of a crater, for which we 
have been prepared by the occurrence of scoriae scattered over 
the surface of the soil. But on examining the walls of the 
crater we find precipices of sandstone and shale which exhibit 
no signs of the action of heat ; and we look in vain for those 
beds of lava and scoriae, dipping outwards on every side, which 
we have been accustomed to consider as characteristic of vol- 
canic vents. As we proceed, however, to the opposite side of 
the lake, we find a considerable quantity of scoriae and some 
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lava, .and see the whole surface of the soil sparkling with vol- 
canic sand, and strewed with ejected fragments of half-fused 
shale, which preserves its laminated texture in the interior, 
while it has a vitrified or scoriform coating. 

Other crater-lakes of circular or oval form, and hollowed 
out of similar ancient strata, occur in the Upper Eifel, whore 
copious aeriform discharges have taken place throwing out vast 
heaps of pulverised shale into the air. I know of no other ex- 
tinct volcanos where gaseous explosions of such magnitude have 
been attended by the emission of so small a quantity of lava. 
Yet I looked in vain in the Eifel for any appearances which 
could lend support to the hypothesis that the sudden rushing 
out of such enormous volumes of gas had ever lifted up the 
stratified rocks immediately around the vent, so as to form 
conical masses, having their strata dipping outwards on all sides 
from a central axis, as is assumed in the theory of elevation 
craters, alluded to in the last chapter. 

I have already given (p. 511, fig. 600) an example in the 
Eifel of a small stream of lava which issued from one of the 
craters of that district at Bertrieh-Baden. It shows that when 
some of these volcanos were in action the valleys had already 
been eroded to their present depth. 

Trass . — The tufaceous alluvium called trass, which has covered 
large areas in the Eifel, and choked up some valleys now par- 
tially re-excavated, is unstratified. Its base consists almost 
entirely of pumice, in which are included fragments of basalt, 
and other lavas, pieces of burnt shale, slate, and sandstone, and 
numerous trunks and branches of trees. If, as is probable, this 
trass was formed during the period of volcanic eruptions, it may 
have originated in the manner of the moya of the Andes. 

We may easily conceive that a similar mass might now be 
produced, if a copious evolution of gases should occur in one of 
the lake-basins. If a breach should be made in the side of the 
cone, the flood would sweep away great heaps of ejected frag- 
ments of shale and sandstone, which would be borne down into 
the adjoining valleys. Forests might be torn up by such a flood, 
and thus the occurrence of the numerous trunks of trees dis- 
persed irregularly through the trass, can be explained. The 
manner in which this trass conforms to the shape of the present 
valleys implies its comparatively modern origin, probably one 
dating farther back than the Pliocene period. 
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age of volcanic rocks — continued . 

Volcanic rocks of the Upper Miocene Period — Madeira — Grand Canaiy— - 
Azores — Lower Miocene Volcanic rocks — Isle of Mull — Staffa and 
Antrim — The Eifel — Upper and Lower Miocene Volcanic rocks of Au- 
vergne — Hill of Gergovia — Eocene Volcanic rocks of the Hebrides — Of 
Monte Bolca — Trap of Cretaceous period — Oolitic Period — Triassic Period 
— Permian Period — Carboniferous Period — Erect trees buried in Volcanic 
Ash in the Island of Arran — Old Red Sandstone Period — Silurian Period 
— Cambrian Period — Laurentian Volcanic rocks. 

Volcanic rocks of the Upper Miocene Period. — Madeira . — 
The greater part of the volcanic eruptions of Madeira, as we 
have already seen. p. 532, belong to the Pliocene period, but the 
most ancient of them are of Upper Miocene date, as shown by 
the fossil shells included in the marine tuffs which have boen 
upraised at San Yicentc in the northern part of the island to 
the height of 1,300 feet above the level of the sea. A similar 
marine and volcanic formation constitutes the fundamental 
portion of the neighbouring island of Porto Santo, forty miles 
distant from Madeira, and is there elevated to an oqual height, 
and covered, as in Madeira, with lavas of sub-aerial origin. 

The largest number of fossils have been collected from the 
tuffs and conglomerates and some beds of limestone in the 
island of Baixo off the southern extremity of Porto Santo. 
They amount in this single locality to moro than sixty in number, 
of which about fifty are mollusca, but many of these are only 
casts. Some of the shells probably lived on the spot during the 
intervals between eruptions, and some may have been cast up 
into the water or air together with muddy ejections, and, falling 
down again, have been deposited on the bottom of the sea. The 
hollows in some of the fragments of vesicular lava, of which the 
breccias and conglomerates are composed, are partially filled 
with calc-sinter, being thus half converted into amygdaloids. 
Among the fossil shells common to Madeira and Porto Santo, 
large cones, strombs, and cowries are conspicuous among the 
univalves, and Cardium, Spondylus , and LUhodomus among the 
lamellibranchiate bivalves, and among the Echinoderms the large 
Clypeaster called ( 7 . alius, an extinct European Miocene fossil. 
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The largest list of fossils lias been published by Mr. Karl 
Mayer, in Hartung’s ‘ Madeira ; y but in the collection made by 
mysolf, and in a still larger one formed by Mr. J. Yate Johnson, 
several remarkable forms not in Mayer’s list occur, as, for ex- 
ample, Pholadomya, and a large Tercbra. Mr. Johnson also 
found a fine specimen of Nautilus ( Aturia ) ziczac (fig. 214, 
p. 249), a well-known Falunian and Eocene fossil of Europe ; 
and in the same volcanic tuff of Baixo, the Echinoderm JKrissns 
Scillse , a living Mediterranean species, found fossil in the 
Miocene strata of Malta. Mr. Mayer identifies one third of 
the Madeira shells with known European Miocene (or Falunian) 
forms. The huge S trombus of San Vicente and Porto Santo, /S’. 
Italicusy is an extinct shell of the Subapennine or Older Pliocene 
formations. The mollusca already obtained from various 
localities of Madeira and Porto Santo are not less than one 
hundred in number, and, according to the late Dr. S. P. 
Woodward, rather more than a third are of species still living, 
but many of these are not now inhabitants of the neighbouring 
sea. 

It has been remarked (p. 194) that in the Older Pliocene and 
Upper Miocene deposits of Europe, many forms occur of a more 
southern aspect than those now inhabiting the nearest sea. In 
like manner the fossil corals, or Zoantharia, six in number, 
which I obtained from Madeira, of the genera A strata, Sarcinula , 
Hydnoplwra, were pronounced by Mr. Lonsdale to be forms 
foreign to the adjacent coasts, and agreeing with the fauna of a 
sea warmer than that now separating Madeira from the nearest 
part of the African coast. W e learn, indeed, from the observa- 
tions made in 1859, by the Rev. R. T. Lowe, that more than 
one half, or fifty-tliree in ninety, of the marine mollusca col- 
lected by him from the sandy beach of Mogador are common 
British species, although Mogador is 18£ degrees south of the 
nearest shores of England. The living shells of Madeira and 
Porto Santo are in like manner those of a temperate climate, 
although in great part differing specifically from those of 
Mogador. 1 

Grand Canary. — In the Canaries, 2 especially in the Grand 
Canary, the same marine Upper Miocene formation is found. 
Stratified tuffs, with intercalated conglomerates and lavas, are 
there seen in nearly horizontal layers in sea-cliffs about 300 feet 
high, near Las Palmas. Mr. Hartung and I were unable to find 
marine shells in these tuffs at a greater elevation than 400 feet 

1 Linnean Proceedings j Zoology, volcanic island of Palma, one of the 

1860. Canary Islands, see Elements of Geo- 

2 For a complete description of the logy, 1865, p. 621. 

A A 3 
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above the sea ; but as the deposit to which they belong reaches 
to the height of 1,100 feet or more in the interior, we conceive 
that an upheaval of at least that amount has taken place. The 
CJypeaster ciltus, Spondylus gsederopus, Pectnnculus pilosns , Car- 
dita calyculata , and several other shells, serve to identify this 
formation with that of the Madeiras, and Ancillaria glandifor- 
mis , which is not rare, and some other fossils, remind us of the 
faluns of Touraine. 

The sixty-two Miocene species which I collected in the Grand 
Canary were referred, by the late Dr. S. P. Woodward, to forty- 
seven genera, ten of which are no longer rex>resented in the 
neighbouring sea, namely Cor bis, an African form, Hinnitcs , now 
living in Oregon, Thacidmm (T. Meditcrrancum, identical with 
the Miocene fossil of St. Juvat, in Brittany), Calyptrxa, Hip- 
pony x, Nerita , Erato , Oliva , Ancillaria , and Easciolaria. 

These tuffs of the southern shores of the Grand Canary, con- 
taining the Dpper Miocene shells, appear to be about the same 
age as the most ancient volcanic rocks of the island. Over the 
marine lavas and tuffs trachytic and basaltic x>roducts of subaerial 
volcanic origin, between 4,000 and 5,000 feet in thickness, have 
been piled, the central parts of the Grand Canary reaching the 
height of about 0,000 feet above the level of the sea. A large 
portion of this mass is of Pliocene date, and some of the latest 
lavas have been x^oured out since the time when the valleys 
were already excavated to within a few feet of their present 
depth. 

On the whole the rocks of the Grand Canary, an island of a 
nearly circular shape, and 6£ geographical miles diameter, 
exhibit proofs of a long series of eruxffions beginning like those 
of Madeira, Porto Santo, and the Azores, in the Upper Miocene 
period, and continued to the Pleistocene Period. The building 
up of the Grand Canary by subaerial eruptions, several thousand 
feet thick, went on simultaneously with the gradual upheaval of 
the earliest products of submarine eruptions, in the same man- 
ner as the Pliocene marine strata of the oldest x>arts of Vesuvius 
and Etna have been upraised during eruptions of Post-tertiary 
date. 

In proof that movements of elevation have actually con- 
tinued down to Post-tertiary times, I may remark that I found 
raised beaches containing shells of the Recent Period in the 
Grand Canary, Teneriffe, and Porto Santo. The most remark- 
able raised beach which I observed in the Grand Canary, in the 
study of which I was assisted by Don Pedro Maffiotte, is situ- 
ated in the north-eastern x>art of the island at San Catalina 
about a quarter of a mile north of Las Palmas. It intervenes 
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between the base of the high cliff formed of the tuffs with Mio- 
cene shells and the sea shore. From this beach, at an elevation 
of twenty-five feet above high-water mark, and at a distance of 
about 150 feet from the present shore, I obtained more than 
fifty species of living marine shells. Many of them, according 
to Dr. S. P. Woodward, are no longer inhabitants of the con- 
tiguous sea, as, for example, Str ambus bnbonins , which is still 
living on the West Coast of Africa, Ccrithium procerum, found 
at Mozambique ; others are Mediterranean species, as Pectcn 
J acoboeus and P. polymer pirns. Some of these testacea, such as 
Cardita squamosa, are inhabitants of deep water, and the 
deposit on the whole seems to indicate a depth of water ex- 
ceeding a hundred feet. 

Azores. — In the island of St. Mary’s, one of the Azores, 
marine fossil shells have long been known. They are found on 
the north-east coast on a small projecting promontory called 
Ponta do Papagaio (or Point-Parrot), chiefly in a limestone 
about 20 feet thick, which rests upon, and is again covered by, 
basaltic lavas, scorke, and conglomerates. The pebbles in the 
conglomerate are cemented together with carbonate of lime. 

Mr. Hartung, in liis account of the Azores, pul dished in 
1800, describes twenty- three shells from St. Mary’s, 1 of 
which eight perhaps are identical with living species, and 
twelve are with more or less certainty referred to European 
Tertiary forms, eliiefiy Upper Miocene. One of the most 
characteristic and abundant of the new species, Card him 
Hartung i , not known as fossil in Europe, is very common in 
Porto Santo and Baixo, and serves to connect the Miocene 
fauna of the Azores and the Madeiras. In some of the Azures, 
as well as in the Canary islands, the volcanic fires are not yet 
extinct, as the recorded erujrtions of Lanzerote, Tcnerifie, 
Palma, St. Michael’s, and others attest. The late soundings 
(1873) of H.M.S. Challenger have shown the Azores, Canaries, 
Cape de Verde islands, &c., to be merely the highest summits 
of a great submerged mountain ridge, comparable with the 
Andes of South America both in extent and altitude, as well 
as in the volcanic character of many of its most elevated peaks. 

Lower Miocene volcanic rocks — Isle of Mull and Antrim . — 
I may refer the reader to the account already given (p. 230) of 
leaf-beds at Ardtun, in the Isle of Mull in the Hebrides, which 
bear a relation to the associated volcanic rocks of Lower 
Miocene date analogous to that which the Madeira leaf -bed, 
above described (p. 532), bears to the Pliocene lavas of that 

i Hartung, Die Azorcn, 18G0 ; also Insel Gran Canaria, Madeira und 
Porto Santo, 1864, Leipsig. 
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island. At Ballypalidy and Shane’s Castle in the County of 
Antrim, similar plants of Miocene species have been found in 
beds intercalated with the basalts ; and both in Antrim and 
Mull the basalts are seen to lie unconformably upon the 
highest strata of the Chalk. The Miocene basaltic lavas con- 
stitute great plateaux, wliich must originally have covered 
many thousands of square miles, though now broken up by 
denudation into a number of disconnected fragments ; the lavas 
are often piled upon one another to a tliickness of more than 
2,000 feet. 1 The interesting features displayed by these basalts 
at the Giant’s Causeway in Antrim and at Fingal’s Cave in the 
Isle of Staffa are too well known to require description. 

The 12 if el . — A large portion of the volcanic rocks of the 
Lower Rhine and the Eifel are coeval with the Lower Miocene 
deposits to which most of the 4 Brown-Coal ’ of Germany 
belongs. The Tertiary strata of that age are seen on both 
sides of the Rhine, in the neighbourhood of Bonn, resting un- 
conformably on highly inclined and vertical strata of Silurian 
and Devonian rocks. The Brown-Coal formation of that 
region consists of beds of loose sand, sandstone, and con- 
glomerate, clay with nodules of clay-ironstone, and occasionally 
silex. Layers of light brown, and sometimes black lignite are 
interstratified with the clays and sands, and often irregularly 
diffused through them. They contain numerous impressions of 
leaves and sterns of trees, and are extensively worked for fuel, 
whence the name of the formation. In several places, layers of 
trachytic tuff are interstratified, and in these tuffs are leaves of 
plants identical with those found in the brown-coal, showing 
that, during the period of the accumulation of the latter, some 
volcanic products were ejected. The igneous rocks of the 
Westerwald, and of the mountains called the Siebengebirge, 
consist partly of basaltic and partly of trachytic lavas, the 
latter being in general the more ancient of the two. There are 
many varieties of trachyte, some of which are highly crystal- 
line, resembling a coarse-grained granite, with large separate 
crystals of felspar. Trachytic tuff is also very abundant. 

_ M. Von Dechen, in his work on the Siebengebirge, 2 has 
given a copious list of the animal and vegetable remains of the 
fresh-water strata associated with the brown-coal of that part of 
Germany. Plants of the genera Flabellaria, Ceanothus , and 
.Daphnogene, including I>. cinnamomifolia (fig. 158, p. 221), 
occur in these beds, with nearly 150 other plants. The fishes 
of the brown-coal near Bonn are found in a bituminous shale, 

1 Judd, ‘Ancient Volcanoes of the 2 Geognost. Beschreib. des Sieben- 
Highlands,’ Geol. Soc., Jail. 21, 1874. gebirges am Rhein. Bonn, 1852. 
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called paper-coal, from being divisible into extremely thin 
leaves. The individuals are very numerous ; but they appear 
to belong to a small number of species, some of which were 
referred by Agassiz to the genera Lenciscus , A spins, and Perea. 
The remains of frogs also, of extinct species, have been dis- 
covered in the paper-coal ; and a complete series may be seen 
in the museum at Bonn, from the most imperfect state of the 
tadpole to that of the full-grown animal. With these a sala- 
mander, scarcely distinguishable from the recent species, has 
been found, and the remains of many insects. 

Upper and Lower Miocene volcanic rocks of Auvergne. 
— The extinct volcanos of Auvergne and Cantal in Central 
France, seem to have commenced their eruptions in the Lower 
Miocene period, but to have been most active during the Upper 
Miocene and Pliocene eras. I have already alluded to the 
grand succession of events, of which there is evidence in Au- 
vergne since the last retreat of the sea (see p. 527 ). 

The earliest monuments of the Tertiary period in that region 
are lacustrine deposits of great thickness, in the lowest con- 
glomerates of which are rounded pebbles of quartz, mica-schist, 
granite, and other non-volcanic rocks, without the slightest 
intermixture of igneous products. To these conglomerates suc- 
ceed argillaceous and calcareous marls and limestones, contain- 
ing Lower Miocene shells and bones of mammalia, the higher 
beds of which sometimes alternate witli volcanic tuff of con- 
temporaneous origin. After the filling up or drainage of the 
ancient lakes, huge piles of trachytic and basaltic rocks, with 
volcanic breccias, accumulated to a thickness of several thou- 
sand feet, and were superimposed upon granite, or the con- 
tiguous lacustrine strata. The greater portion of these igneous 
rocks appear to have originated during the Upper Miocene and 
Pliocene periods ; and extinct quadrupeds of those eras, 
belonging to the genera Mastodon, Rhinoceros, and others, 
were buried in ashes and beds of alluvial sand and gravel, 
which owe their preservation to overspreading sheets of lava. 

In Auvergne, the most ancient and conspicuous of the vol- 
canic masses is Mont Dore, which rests immediately on the 
granitic rocks standing apart from the freshwater strata. This 
great mountain rises suddenly to the height of several thousand 
feet above the surrounding platform, and retains the shape of a 
flattened and somewhat irregular cone, the slope of which is 
gradually lost in the high plain around. This cone is com- 
posed of layers of scoriaj, pumice-stones, and their fine detritus, 
with interposed beds of trachyte and basalt, which descend 
often in uninterrupted sheets until they reach and spread 
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themselves round the base of the mountain. 1 Conglomerates, 
also, composed of angular and rounded fragments of igneous 
rocks, are observed to alternate with the above : and the 
various masses are seen to dip off from the central axis, and to 
lie parallel to the sloping flanks of the mountain. The summit 
of Mont Dore terminates in seven or eight rocky peaks, 
"\yhere no regular crater can now be traced, but where we 
may easily imagine one to have existed, which may have been 
shattered by earthquakes, and have suffered degradation by 
aqueous agents. Originally, perhaps, like the highest crater of 
Etna, it may have formed an insignificant feature in the great 
pile, and, like it, may frequently have been destroyed and 
renovated. 

Respecting the age of the great mass of Mont Dore, we 
cannot come at present to any positive decision, because no 
organic remains have yet been found in the tuffs, except im- 
pressions of the leaves of trees of species not yet determined. 
It has already been stated (p. 217) that the earliest eruptions 
must have been posterior in origin to those grits and conglome- 
rates of the freshwater formation of the Limagne which contain 
no pebbles of volcanic rocks. But there is evidence at a few 
points, as in the hill of Gergovia, presently to be mentioned, 
that some eruptions took place before the great lakes were 
drained, while others occurred after the desiccation of those 
lakes, and when deej> valleys had already been excavated 
through freshwater strata. 

The valley in which the cone of Tartaret, above? mentioned 
(p. 528), is situated affords an impressive monument of the very 
different dates at which the igneous eruptions of Auvergne have 
happened ; for while the cone itself is of Pleistocene date, the 
valley is bounded by lofty precipices composed of sheets of 
ancient columnar trachyte and basalt, which once flowed from 
the summit of Mont Dore in some part of the Miocene period. 
These Miocene lavas had accumulated to a thickness of nearly 
1,000 feet before the ravine was cut down to the level of the 
river Couze, a river which was at length dammed up by the 
modern cone and the upper part of its courso transformed into 
a lake. * 

Gergovia . — It has been supposed by some observers that there 
is an alternation of a contemporaneous sheet of lava with fresh- 
water strata in the hill of Gergovia near Clermont. But this 
idea has arisen from the intrusion of the dike represented in 
the annexed diagram (fig. 613), which has altered the green and 
white marls both above and below. Nevertheless, there is a 
1 Scrope’s Central France, p. 98. 
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real alternation of volcanic tuff with strata containing Lower 
Miocene freshwater shells, among others a Melania allied to M. 
inquinata (fig. 220, p. 251), with a Melanopsis and aUnio ; there 

Fig. G13. 



can, therefore, be no doubt that in Auvergne some volcanic 
explosions took place before the drainage of the lakes, and at a 
time when the Lower Miocene species of animals and plants still 
flourished. 

Eocene Volcanic Rocks. — Hebrides. — It has been shown 
by Mr. Judd 1 that before the eruption of the Miocene basalts 
of the Hebrides, great masses of felspatliic lavas were poured 
out from the same vents. But while the basaltic class of lavas 
spread over vast areas and extended to distances of even 50 or 
60 miles from their points of origin, the felspathic lavas have 
accumulated around the vents themselves, and are usually 
confined to distances of about 10 miles from them ; the same 
differences in the mode of behaviour of streams composed of 
lavas of the basaltic and felspathic varieties respectively, have 
been pointed out by Mr. Scrope and other authors in the case 
of many recent volcanos. From the fact that while on the one 
hand igneous activity appears to have commenced in the district 
before the close of the Cretaceous epoch, and on the other that 
the Miocene basalts lie unconformably upon the earlier felspathic 
lavas, Mr. Judd is led to regard these latter as representative 
in a general manner of the Eocene period. 

Monte Bolca . — The fissile limestone of Monte Bolca, near 
Verona, has for many centuries been celebrated in Italy for the 
number of perfect Ichthyolites which it contains. Agassiz has 
1 Ancient Volcanos of the Highlands, Quart. Geol. Journ., 1874. 



544 


EOCENE VOLCANIC ROCKS. 


[CH. XXX. 


described no less than 133 species of fossil fish from this single 
deposit, and the multitude of individuals by which many of the 
species are represented, is attested by the variety of specimens 
treasured up in the principal museums of Europe. They have 
been all obtained from quarries worked exclusively by lovers of 
natural history, for the sake of the fossils. Had the litho- 
graphic stone of Solenhofen, now regarded as so rich in fossils, 
been in like manner quarried solely for scientific objects, it 
would have remained almost a sealed book to paleontologists, 
so sparsely are the organic remains scattered through it. When 
T visited Monte Bolca, in company with Sir Roderick Murchison, 
in 1828, we ascertained that the fish-bearing beds were of 
Eocene date, containing well-known species of Nummulites, 
and that a long series of submarine volcanic eruptions, evidently 
contemporaneous, had produced beds of tuff, which are cut 
through by dikes of basalt. There is evidence here of a long 
series of submarine volcanic eruptions of Eocene date, and 
during some of them, as Sir R. Murchison has suggested, shoals 
of fish were probably destroyed by the evolution of heat, 
noxious gases, and tufaceous mud, just as happened when 
Graham’s Island was thrown up between Sicily and Africa in 
1831, at which time the waters of the Mediterranean were seen 
to be charged with red mud, and covered with dead fish over a 
wide area. 1 

Associated with the marls and limestones of Monte Bolca are 
beds containing lignite and shale with numerous plants, which 
have been described by Unger and Massalongo, and referred by 
them to the Eocene period. I have already cited (p. 246) Pro- 
fessor Hoer’s remark, that several of the species are common to 
Monte Bolca and the white clay of Alum Bay, a Middle Eocene 
deposit ; and the same botanist dwells on the tropical character 
of the flora of Monte Bolca and its distinctness from the sub- 
tropical flora of the Lower Miocene of Switzerland and Italy, in 
which last there is a far more considerable mixture of forms of 
a temperate climate, such as the willow, poplar, birch, elm, and 
others. That scarcely any one of the Monte Bolca fish should 
have been found in any other locality in Europe, is a striking 
illustration of the extreme imperfection of the paleontological 
record. We are in the habit of imagining that our insight into 
the geology of the Eocene period is more than usually perfect, 
and we are certainly acquainted with an almost unbroken suc- 
cession of assemblages of shells passing one into the other from 
the era of the Thanet sands to that of the Bembridge beds or 
Paris gypsum. The general dearth, therefore, of fish in the 
1 Principles of Geology, chap, xxvii., 11th ed. 
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different members of the Eocene series, Upper, Middle, and 
Lower, might induce a hasty reasoner to conclude that there 
was a poverty of ichthyic forms during this period ; but when a 
local accident, like the volcanic eruptions of Monte Bolca, 
occurs, proofs are suddenly revealed to us of the richness and 
variety of this great class of vertebrata in the Eocene sea. The 
number of genera of Monte Bolca fish is, according to Agassiz, 
no less than seventy-five, twenty of them peculiar to that 
locality, and only eight common to the antecedent Cretaceous 
period. No less than forty-seven out of the seventy-five genera 
make their appearance for the first time in the Monte Bolca 
rocks, none of them having been met with as yet in the antece- 
dent formations. They form a great contrast to the fish of tho 
secondary strata, as, with the exception of the Placoids, they 
are all Teleosteans, only one genus, Pyc nodus, belonging to the 
order of Ganoids, which form, as before stated, the vast ma- 
jority of the ichthyolites entombed in the secondary or Mesozoic 
rocks. 

Cretaceous Period. — M. Yirlet, in his account of the geology 
o* the Morea, p. 205, has clearly shown that certain traps in 
Groece are of Cretaceous date ; as those, for example, which 
alternate conformably with cretaceous limestone and greensand 
between Kastri and Bam ala in the iMorea. They consist in 
great part of diallage rocks and serpentine, and of an amygda- 
loid with calcareous kernels, and a base of serpentine. In 
certain parts of the Morea, the age of these volcanic rocks is 
established by the billowing proofs : first, the lithographic lime- 
stones of the Cretaceous era are cut through by trap, and then 
a conglomerate occurs, at Nauplia and other places, containing 
in its calcareous cement many well-known fossils of the chalk 
and greensand, together with pebbles formed of rolled pieces of 
the same serpentine us trap, which appear in the dikes above 
alluded to. 

Period of Oolite and Idas. — Although the green and serpen- 
tinous trap rocks of the Morea belong chiefly to the Cretaceous 
era, as before mentioned, yet it seems that some eruptions of 
similar rocks began during the Oolitic period and it is pro- 
bable that a large part of the trappean masses, called ophiolites 
in the Apennines, and associated with the limestone of that 
chain, are of corresponding age. 

Trap of the New Red Sandstone Period. — In the southern 
part of Devonshire, trappean rocks are associated with New 
Red Sandstone, and, according to Sir H. De la Beche, have not 
been intruded subsequently into the sandstone, but were pro- 
1 Boblaye and Yirlet, Morea, p. 23. 
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duced by contemporaneous volcanic action. Some beds of grit, 
mingled with ordinary red marl, resemble sands ejected from a 
crater ; and in the stratified conglomerates occurring near 
Tiverton are many angular fragments of trap porphyry, some of 
them one or two tons in weight, intermingled with pebbles of 
other rocks. These angular fragments were probably thrown 
out from volcanic vents, and fell upon sedimentary matter then 
,in the course of deposition. 1 

Trap of the Permian Period. — The recent investigations of 
Mr. Archibald Geikie in Ayrshire and at Nithsdale in Dumfries- 
shire have shown that some of tho volcanic rocks in that county 
are of Permian age, and it appears highly probable that the 
uppermost portion of Arthur’s Seat in the suburbs of Edinburgh 
marks the site of an eruption of the same era. 

Trap of tne Carboniferous Period. — Two extensive develop- 
ments of trap rocks occur in the carboniferous basin of the Forth 
in Scotland. One of these is well exhibited along the shores of 
Fifeshire, where the igneous masses consist of basalt, sometimes 
with olivine, and of dolerites. These appear to have been 
erupted while the sedimentary strata were in a horizontal posi- 
tion, and to have suffered the same dislocations which those 
strata have subsecpiently undergone. In the associated volcanic 
tuffs of this age are found, not only fragments of limestone, 
shale, flinty slate, and sandstone, but also pieces of coal. Other 
traps connected with the carboniferous formation may be traced 
along the south margin of Stratheden, and constitute a ridge 
parallel with the Ochils, extending from Stirling to near St. 
Andrews. These consist almost exclusively of dolerite, be- 
coming, in a few instances, earthy and amygdaloidal. They are 
either interbedded with, or intruded among the sandstone, shale, 
limestone and ironstone of the Lower Carboniferous. I ex- 
amined those trap rocks in 1838, in the cliffs south of St. 
Andrews, where they consist in great part of stratified tuffs, 
which are curved, vertical, and contorted, like the associated 
coal-measures. In the tuff I found fragments of carboniferous 
shale and limestone, and intersecting veins of dolerite. 

Fife — Flisk dike . — A trap dike was pointed out to me by 
Dr. Fleming, in the parish of Flisk, in the northern part of 
the county of Fife, which cuts through the grey sandstone 
and shale, forming the lowest part of the Old Red Sandstone, 
but which may probably be of carboniferous date. It may 
be traced for many miles, passing through the amygdaloidal 
and other traps of the hill called Norman’s Law in that parish. 


1 De la Beche, Geo], Proceedings, vol. ii. p. 198. 
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In its course it affords a good exemplification of the passage 
from the trappean into the plutonic, or highly crystalline tex- 
ture. Professor Gustav Rose, to whom I submitted speci- 
mens of this dike, found it to be dolerite, and composed of 
greenish black augite and Labrador felspar, the latter being 
the most abundant ingredient. A small quantity of magnetic 
iron, perhaps titaniferous, is also present. The result of this 
analysis is interesting, because both the ancient and modern 
lavas of Etna consist in like manner of augite, Labradorite, and 
titaniferous iron. 

Erect trees buried in volcanic asli at Arran . — An interesting dis- 
covery was made in 1 807 by Mr. E. A. Wiinsch in the lower 
carboniferous strata of the north-eastern part of the island of 
Arran. In the sea-cliff about five miles north of Corrie, near 
the village of Laggan, strata of volcanic ash occur, forming a 
solid rock cemented by carbonate of lime and enveloping trunks 
of trees, determined by Mr. Binney to belong to the genera 
Sigillaria and Lepidodendron. Some of these trees are at right 
angles to the planes of stratification, while others are prostrate 
and accompanied by leaves and fruits of the same genera. I 
visited the spot in company with Mr. Wiinsch in 1870, and saw 
that the trees with their roots, of which about fourteen had been 
observed, occur at two distinct lev* V; in volcanic tuffs parallel 
to each other, and inclined at an angle of about 40°, having 
between them beds of shale and coaly matter seven feet thick. 
It is evident that the trees were overwhelmed by a shower of 
ashes from some neighbouring volcanic vent, as Pompeii was 
buried by matter ejected from Vesuvius. The trunks, several 
of them from three to five feet in circumference, remained with 
their Stigmarian roots spreading through the stratum below, 
which had served as a soil. The trees must have continued for 
years in an upright position after they were killed by the shower 
of burning ashes, giving time for a partial decay of the interior, 
so as to afford hollow cylinders into which the spores of plants 
were wafted. These spores germinated and grew, until finally 
their stems were petrified by carbonate of lime like some of the 
remaining portions of the wood of the containing Sigillaria. 
Mr. Carruthers has discovered that sometimes the plants which 
had thus grown and become fossil in the inside of a single trunk 
belonged to several distinct genera. The fact that the tree- 
bearing deposits now dip at an angle of 40° is the more striking 
as they must clearly have remained horizontal and undisturbed 
during a long period of intermittent and contemporaneous vol- 
canic action. 

In some of the associated carboniferous shales, ferns and 



Trap of the Old Red Sandstone Period. — By referring to 
the section explanatory of the structure of Forfarshire, already 
given (p. 51), the reader will perceive that beds of conglome- 
rate, No. 3, occur in the middle of the Old Red Sandstone 
system, 1, 2, 3, 4. The pebbles in these conglomerates are some- 
times composed of gneiss and quartzose rocks, sometimes 
exclusively of different varieties of trap, which last, although 
purposely omitted in the section referred to, is often found 
either intruding itself in amorphous masses and dikes into the old 
fossiliferous tilestones, No. 4, or alternating with them in con- 
formable beds. All the different divisions of the red sandstone, 
1, 2, 3, 4, are occasionally intersected by dikes, but they are 
very rare in Nos. 1 and 2, the upper members of the group 
consisting of red shale and red sandstone. These phenomena, 
which occur at the foot of the Grampians, are repeated in the 
Sidlaw Hills ; and it appears that in this part of Scotland vol- 
canic eruptions were most frequent in the earlier part of the 
Old Red Sandstone period. These lavas are for the most part 
of the felspathic class, their structure being sometimes porphy- 
ritic, at others amygdaloidal ,* in the latter case the kernels of the 
latter being sometimes calcareous, often calcedonic, and forming 
beautiful agates. In a more or less decomposed condition these 
felspathic lavas are known under the name of clay stones. With 
them occur beds of stratified tuff and conglomerate, stone, 
compact felspar, and tuff. Some of these rocks look as if 
they had flowed as lavas over the bottom of the sea, and 
enveloped quartz pebbles which were lying there, so as to 
form conglomerates with a base of greenstone, as is seen in 
Lumley Den, in the Sidlaw Hills. On either side of the axis 
of this chain of hills (see section, p. 51), the beds of massive 
trap, and the tuffs composed of volcanic sand and ashes, dip re- 
gularly to the south-east or north-west, conformably with the 
shales and sandstones. 

But the geological structure of the Pentland Hills, near 
Edinburgh, shows that igneous rocks were there formed during 
the Devonian or ‘ Old Red ’ period. These hills are 1,900 feet 
high above the sea, and consist of conglomerates and sandstones 
of Devonian age, resting on the inclined edges of grits and slates 
of Upper Silurian date. The contemporaneous volcanic rocks 
intercalated in this Old Red Sandstone consist of felspathic 



ch. xxx.] SILURIAN VOLCANIC ROCKS. 549 

lavas, or felstones, with associated conglomerates and tuffs or 
ashy beds. The lavas were some of them originally compact, 
others vesicular, and these last have been converted into amygda- 
loids. Unlike the lavas of the Tertiary Period in Scotland they 
appear to have been of subaqueous rather than of subaerial 
origin. The evidences of the volcanic origin of the rocks of the 
Pentland Hills have been well illustrated by Messrs. Maclaren 
and Geikie. 1 

Silurian volcanic rooks. — It appears from the investigations 
of Sir R. Murchison in Shropshire, that when the Lower Silurian 
strata of that country were accumulating, there were frequent 
volcanic eruptions beneath the sea ; and the ashes and scoriae 
then ejected gave rise to a peculiar kind of tufaceous sandstone 
or grit, dissimilar to the other rocks of the Silurian series, and 
only observable in places where syenitic and other trap rocks 
protrude. These tuffs occur on the flanks of the Wrekin and 
Caer Caradoc, and contain Silurian fossils, such as casts of en- 
crinites, trilobites, and mollusca. Although fossiliferous, the 
stone resembles a sandy claystone of the trap family.® 

Thin layers of trap, only a few inches thick, alternate in some 
parts of Shropshire and Montgomeryshire with sedimentary 
strata of the Lower Silurian system. This trap consists of con- 
solidated felspathic ash with fragments of slate, the beds being 
traversed by joints like those in the associated sandstone, 
limestone, and shale, and having the same strike and dip. 3 

In Radnorshire there is an example of twelve bands of strati- 
fied trap, alternating with Silurian schists and flagstones, in a 
thickness of 350 feet. The bedded traps consist of porphyritic 
felstone, and other varieties ; and the interposed Llandeilo flags 
are of sandstone and shale, with tribolites and graptolites. 4 

The Snowdonian hills in Caernarvonshire consist in great 
part of volcanic tuffs, the oldest of which are interstratified with 
the Bala and Llandeilo beds. There are some contemporaneous 
felspathic lavas of this era, which, says Professor Ramsay, alter 
the slates on which they repose, having doubtless being poured 
out over them, in a melted state, whereas the slates which over- 
lie them having been subsequently deposited after the lava had 
cooled and consolidated, have entirely escaped alteration. But 
there are greenstones associated with the same formation, which, 
although they are often conformable to the slates, are in reality 
intrusive rocks. They alter the stratified deposits both above 
and below them, and when traced to great distances, are some- 

1 Maclaren, Geology of Fife and 2 Murchison, Silurian System, &c., 

Lothians. Geikie, Trans. Royal Soc. p. 230. 

Edinburgh, 1860-1861. 3 Ibid. p. 212. 4 Ibid. p. 326. 
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times seen to cut through these slates, and to send off branches. 
Nevertheless, these greenstones appear to belong, like the lavas, 
to the Lower Silurian period. In like manner felstones occur 
contemporaneous with Lower Silurian strata in the Lake District, 
the Isle of Man, and the S.E. of Ireland. 

Cambrian volcanic rocks. — The Lingula beds in North 
Wales have been described as 5,000 feet in thickness. In the 
upper portion of these deposits, volcanic tuffs or ashy materials 
are interstratified with ordinary muddy sediment, and here and 
there associated with thick beds of felspathic lava. These rocks 
form the mountains called the Arans and the Arenigs ; numerous 
greenstones are associated with them, which are intrusive, al- 
though they often run in the lines of bedding for a space. 

1 Much of the ash/ says Professor Ramsay, ‘seems to have been 
sub-aerial. Islands, like Graham’s Island, may have sometimes 
raised their craters for various periods above the water, and by 
the waste of such islands some of the ashy matter became 
waterwom, whence the ashy conglomerate. Viscous matter 
seems also to have been shot into the air as volcanic bombs, 
which fell among the dust and broken crystals (that often form 
the ashes) before perfect cooling and consolidation had taken 
place.’ 1 

Iiaurentian volcanic rocks. — The Laurentian rocks in 
Canada, especially in Ottawa and Argenteuil, are the oldest 
intrusive masses yet known. They form a set of dikes of a fine- 
grained dolerite, composed of felspar and pyroxene, with occa- 
sional scales of mica and grains of pyrites. Their width varies 
from a few feet to a hundred yards, and they have a columnar 
structure, the columns being truly at right angles to the plane 
with the dike. Some of the dikes send off branches. These 
dolerites are cut through by intrusive syenite, and this syenite, 
in its turn, is again cut and penetrated by porphyritic felsite. 
All these trap rocks appear to be of Laurentian date, as the 
Cambrian and Huronian rocks rest unconformably upon them. 3 
Whether some of the various conformable crystalline rocks of 
the Laurentian series, such as the coarse-grained granitoid and 
porphyritic varieties of gneiss, exhibiting scarcely any signs of 
stratification, and some of the serpentines, may not also be of 
volcanic origin, is a point very difficult to determine in a region 
which has undergone so much metamorphic action. 

1 Geol. Quart. Journ,. vol. ix. p. 170, 1852. 

2 Logan, Geology of Canada, 1803. 
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CHAPTER XXXI. 

PLUTONIC ROCKS. 

General aspect of plutonic rocks — Granite and its varieties — Decomposing 
into spherical masses — Rude columnar structure — Graphic granite — Mutual 
penetration of crystals of quartz and felspar — Glass cavities in quartz of 
granite — Porphyritic, talcose, and hornblendic granite — Eurite — Syenite 
— Diorite — Connection of the plutonic with the volcanic rocks — Analogy 
in composition of trachyte and granite — Granite veins in Glen Tilt, Cape 
of Good Hope, and Cornwall— (Metalliferous veins in strata near their 
junction with granite — Quartz veins — Exposure of plutonic rocks at the 
surface due to denudation. 

The plutonic rocks may be treated of next in order, as they are 
most nearly allied to the volcanic class already considered. I 
have described, in the first chapter, these plutonic rocks as the 
unstratified division of the crystalline or hypogene formations, 
and have stated that they differ from the volcanic rocks, not 
only by their more crystalline texture, but also by the absence 
of tuffs and breccias, which are the products of eruptions at the 
earth’s surface, whether thrown up into the air or the sea. 
They differ also by the absence of pores or cellular cavities, to 
which the expansion of the entangled gases gives rise in ordinary 
lava, never being scoriaceous or amygdaloidal, nor alternating 
with tuffs. 

From these and other peculiarities it has been inferred that 
the granites have been formed at considerable depths in the 
earth, and have cooled and crystallised slowly under great pres- 
sure, where the contained gases could not expand. The vol- 
canic rocks, on the contrary, although they also have risen up 
from below, have cooled from a melted state more rapidly upon 
or near the surface. From this hypothesis of the great depth 
at which the granites originated, has been derived the name of 
‘Plutonic rocks.’ The beginner will easily conceive that the 
influence of subterranean heat may extend downwards from the 
crater of every active volcano to a great depth below, perhaps 
several miles or leagues, and the effects which are produced 
deep in the bowels of the earth may, or rather must, be distinct ; 
so that volcanic and plutonic rocks, each different in texture, 
and sometimes even in composition, may originate simulta- 



The two principal members of the Plutonic family of rocks 
are Granite and Syenite, each of which, with their varieties, 
bear very much the same relation to each other as the trachytes 
bear to the basalts. Granite is a compound of felspar, quartz, 
and mica, the felspars being rich in silica, which forms from 
CO to 70 per cent, of the wholo aggregate. In syenite quartz 
is rare or wanting, hornblende taking the place of mica, and 
the proportion of silica seldom exceeding GO per cent. 

Granite and Its varieties. — Granite often preserves a very 
uniform character throughout a wide range of territory, fre- 
quently forming hills of a peculiar rounded form, clad with a 
scanty vegetation. The surface of the rock is for the most part 
in a crumbling state, and the hills are often surmounted by piles 
of stones like the remains of a stratified mass, as in the annexed 
figure, and sometimes like heaps of boulders, for which they 


Fig. G14. 



have been mistaken. The exterior of these stones, originally 
quadrangular, acquires a rounded form by the action of air and 
water, for the edges and angles waste away more rapidly than 
the sides. A similar spherical structure has already been 
described as characteristic of basalt and other volcanic forma- 
tions, and it must be referred to analogous causes, as yet but 
imperfectly understood. Although it is the general peculiarity 
of granite to assume no definite shapes, it is nevertheless occa- 
sionally subdivided by fissures, so as to assume a cuboidal, and 
even a columnar, structure. Examples of these appearances 
may be seen near the Land’s End in Cornwall. (See fig. 615 .) 
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Felspar, quartz, and mica are considered as the minerals 
essential to granite, the felspar being most abundant in quan- 

Fig. 615. 


mi 


Granite having a cuboidal and rude columnar structure, Land s End, Cornwall* 

tity , and the proportion of quartz exceeding that of mica. These 
minerals are united in what is termed a confused crystallisa- 
tion ; that is to say, there is no regular arrangement of the 
crystals in granite, as in gneiss (see fig. 631, p. 577), except in 


Graphic granite. 

Fig. 61 6. Section parallel to the laminre. 

Fig. 617. Section transverse to the laminae. 

the variety termed graphic granite, which occurs mostly in 
granitic veins. This variety is a compound of felspar and 
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quartz, so arranged as to produce an imperfect laminar struc- 
ture. The crystals of felspar appear to have been first formed, 
leaving between them the space now occupied by the darker- 
coloured quartz. This mineral, when a section is made at right 
angles to the alternate plates of felspar and quartz, presents 
broken lines, which have been compared to Hebrew characters. 
(See fig. G17.) The variety of granite called by the French 
Pegmatite , which is a mixture of quartz and common felspar, 
usually with some small admixture of white silvery mica, often 
passes into graphic granite. 

Ordinary granite usually contains two different felspars, 
which in most cases are the species known under the name of 
orthoclase and oligoclase. As a general rule quartz serves as a 
base in which the felspar and mica have crystallised ; for although 
those minerals are much more fusible than silex, they have 
often imprinted their shapes upon the quartz. This fact, 
apparently so paradoxical, has given rise to much ingenious 
speculation. We should naturally have anticipated that, during 
the cooling of the mass, the siliceous portion would be the first 
to consolidate ; and that the different varieties of felspar, as 
well as garnets and tourmalines, being more easily liquefied by 
heat, would be the last. Precisely the reverse has taken place 
in the passage of most granite aggregates from a fluid to a solid 
state, crystals of the more fusible minerals being found enveloped 
in hard, transparent, glassy quartz, which has often taken very 
faithful casts of each, so as to preserve even the microscopically 
minute striations on the surface of prisms of tourmaline. 
Various explanations of this phenomenon have been proposed 
by MM. de Beaumont, Fournet, and Durocher. They refer to 
M. Gaudin’s experiments on the fusion of quartz, which show 
that silex, as it cools, has the property of remaining in a viscous 
state, whereas silicate of alumina never does. This ‘ gelatinous 
flint is supposed to retain a considerable degree of plasticity long 
after tho granitic mixture has acquired a low temperature. Occa- 
sionally we find the quartz and felspar mutually imprinting their 
forms on each other, affording evidence of the simultaneous 
crystallisation of both.’ 1 

According to the experiments and observations of Gustavus 
Rose, the quartz of granite has the specific gravity of 2*6, 
which characterises silica when it is precipitated from a liquid 
solvent, and not that inferior density, namely 2*3, which be- 
longs to it when it cools in the laboratory, from a state of fusion 
in what is called the dry way. By some it had been rashly 

1 Bulletin, 2c serie, iv. 1304 j and D’Archiac, Hist.gdes Frogrfcs de la 
G&l., i. 38. 
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inferred that the manner in which the consolidation of granite 
takes place is exceedingly different from the cooling of lavas, 
and that the intense heat supposed to be necessary for the pro- 
duction of mountain masses of plutonic rocks might be dis- 
pensed with. But Mr. David Forbes informs me that silica can 
crystallise in the dry way, and he has found in quartz forming 
a constituent part of some trachytes, both from Guadaloupe and 
Iceland, glass cavities quite similar to those met with in genuine 
volcanic minerals. 

These ‘ glass cavities,’ which with many other kindred pheno- 
mena have been carefully studied by Mr. Sorby, are those in 
which a liquid, on cooling, has become first viscous and then 
solid without crystallising or undergoing a definite change in its 
physical structure. Other cavities which, like those just men- 
tioned, are frequently discernible under the microscope in the 
minerals composing granitic rocks, are filled some of them with 
gas or vapour, others with liquid, and by the movements of the 
bubbles thus included the distinctness of such cavities from 
those filled with a glassy substance can be tested. Mr. Sorby 
admits that the frequent occurrence of fluid cavities in the 
quartz of granite implies that water was almost always present 
in the formation of this rock ; but the same may be said of 
almost all lavas, and it is now more than forty years since Mr. 
Sc rope insisted on the important part which water plays in 
volcanic eruptions, being so intinuitely mixed up with the 
materials of the lava that he supposed it to aid in giving mo- 
bility to the fluid mass. It is well known that steam escapes 
for months, sometimes for years, from the cavities of lava when 
it is cooling and consolidating. As to the result of Mr. Sorby ’s 
experiments and speculations on this difficult subject, they may 
be stated in a few words. He concludes that the physical con- 
ditions under which the volcanic and granitic rocks originate are 
so far similar that in both cases they combine igneous fusion, 
aqueous solution, and gaseous sublimation — the proof, he says, 
of the operation of water in the formation of granite being quite 
as strong as of that of heat. 1 

When rocks are melted at great depths water must be present, 
for two reasons — First, because rain-water and sea-water are 
always descending through fissured and porous rocks, and must 
at length find their way into the regions of subterranean heat ; 
and secondly, because in a state of combination water enters 
largely into the composition of some of the most common 
minerals, especially those of the aluminous class. But the 

1 See Quart. Geol. Journ., vol. xiv. pp. 465, 488. 
b 2 
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existence of water under great pressure affords no argument 
against our attributing an excessively high temperature to the 
mass with which it is mixed up. Bunsen, indeed, imagines 
that in Iceland water attains a white heat at a very moderate 
depth. To what extent some of the metamorphic rocks con- 
taining the same minerals as the granites may have been formed 
by hydrothermal action without the intervention of intense 
heat comparable to that brought into play in a volcanic eruption, 
will be considered when we treat of the metamorphic rocks in 
the thirty -third chapter. 

Porphyritic granite . — This name has been sometimes given to 
that variety in which large crystals of felspar, usually ortlioclase, 
sometimes more than 3 inches in length, are scattered through 
an ordinary base of granite. An example of this texture may 
be seen in the granite of the Land’s End, in Cornwall (fig. 018). 


Fig. <;:s. 



The two larger prismatic crystals in this drawing represent ortho- 
clase felspar, smaller crystals of which are also seen, similar in 
form, scattered through the base. In this base also appear 
black specks of mica, the crystals of which have a more or less 
perfect hexagonal outline. The remainder of the mass is quartz, 
the translucency of which is strongly contrasted to the opacity 
of the white felspar and black mica. But neither the trans- 
parency of the quartz nor the silvery lustre of the mica can be 
expressed in the engraving. 

The uniform mineral character of large masses of granite 
seems to indicate that large quantities of the component elements 
were thoroughly mixed up together, and then united into crystal- 
lised minerals under precisely similar conditions. There are, 
however, many accidental, or ‘ accessory ’ minerals, as they are 
termed, which occur in granite. Among these black schorl or 
tourmaline, actinolite, zircon, garnet, iron-pyrites, sphene, apa- 
tito, and fluor-spar are not uncommon ; but they are as a general 


Ca. xxxi.] 


VARIETIES OE GRANITE. 


557 


rule too sparingly dispersed to modify the general aspect of the 
rock. They show, nevertheless, that the ingredients were not 
everywhere exactly the same ; and a still greater difference may 
be traced in the ever- varying proportions of the felspar, quartz, 
and mica. 

Talcose granite , or Protogine of French authors, a rock very 
abundant in the Alps, is a granite, or sometimes only a highly 
raetamorphic form of gneiss, which contains in addition to the 
ordinary minerals varying quantities of a substance formerly 
supposed to be talc, but which may be altered mica. 

Fdsite , or Eurite , is a rock which in chemical composition 
differs little from many trachytes and granites. The matrix of 
the rock has a compact appearance, consisting of an intimate 
mixture of felspar and quartz imperfectly crystallised, and is 
commonly of a light colour. It is often porphyritic, containing 
crystals of felspar (usually orthoclase) and quartz, the latter 
mineral being very variable in quantity. Felsites containing 
much quartz are often called Quartz-porphyry , and when only 
felspar crystals are present Orthoclase -porphyry, the name felsite 
being reserved for the non-porphyritic varieties. A rock in 
which oligoclase appears to replace orthoclase felspar, and from 
which quartz is absent, is generally termed porphyrite , though 
the name is objectionable. It is abundant in the Pentland and 
Ocliil Hills in Scotland. All these species are comprehended in 
the one term Felstone. They appear to occupy an intermediate 
position between the trachytes and the truly crystalline granites, 
a circumstance which affords one of many arguments in favour 
of what is now the prevailing opinion, that the granites are also 
of igneous origin. 

Hornblendic granite . — The quadruple compound of quartz, 
felspar, mica, and hornblende may be so termed, and form a 
passage between granite and quartziferous syenite. This rock 
occurs at Mount Sorrel in Leicestershire, and in Scotland and 
Guernsey. 

Syenite. — Syenite is the namo given to rocks composed of 
orthoclase felspar and hornblende with occasionally some quartz 
and mica ; it usually contains more than 55 but rarely above 00 
per cent, of silica. Although its name is derived from the 
celebrated quarries of Syene in Egypt, more recent researches 
have shown that the rock there is in reality a hornblendic 
granite. Miascite , so called from Miask in the Ural Mountains, 
and Zircon syenite , are both varieties of syenite which contain 
nepheline ; the latter being further characterised by the 
presence of crystals of zircon. 

, JO iorite is a rock made up of triclinic felspar, usually oligoclase, 
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with hornblende and occasionally a little quartz ; it contains 
still less silica than syenite. 

Diahasc . — This term is given to a mixture of triclinic felspar, 
augite and a little chlorite, containing about 50 per cent, of 
silica. This rock is extremely abundant in North Wales, where 
in the vicinity of Dolgelly, amongst other varieties, the so-called 
uralite porphyry is met with, in which the augite is in part 
replaced by uralite, a mineral already alluded to (pp. 498, 502). 

Gabbro or Mupliotide is also a rock composed of triclinic 
felspar and diallage, in which olivine is frequently present. It 
is also called diallage rock, and is well exhibited near the Lizard 
Promontory in Cornwall. One variety contains smaragdite, 
which is usually regarded as a variety of hornblende. This 
rock is closely allied both to hypcrite or hypersthene rock. 

Connection of the plutonlc with the volcanic rocks. — The 
minerals which constitute alike the plutonic and volcanic rocks 
consist, almost exclusively, of seven constituents, namely, silica, 
alumina, magnesia, lime, soda, potash, and oxide of iron (Table, 
p. 498). In making chemical analyses of specimens obtained in 
the field the student may often be perplexed by finding that 
these constituents appear to exist in equal proportions in very 
different classes of rocks. But Mr. David Forbes has pointed 
out in an admirable pamphlet on Chemical Geology that this 
arises from the inexperience of the geologist in choosing the 
typical portion to be examined ; for example, when diorite 
(composed of felspar and hornblende) is erupted through 
quartzose strata it will usually absorb more or less of quartz 
particles, thus becoming apparently a syenite (a mixture of 
felspar, hornblende and quartz) ; yet the mass of the erupted rock, 
except at points of contact, is unquestionably a diorite, and a 
microscopic examination of the quartziferous portion will show 
that the quartz had become entangled in the erupted mass, and 
was not an original constituent of it. It may thus often happen 
that small specimens roughly named by the geologist porphyry, 
granite, syenite, mica-schist and gneiss, might be pronounced 
by the chemist identical in chemical composition, whereas the 
truth would be that all these specimens were in reality mis- 
called, being merely abnormal varieties altered in appearance 
and composition by exceptional influences. 1 

( The ordinary granite of Aberdeenshire,’ says Dr. Mac- 
Culloch, c is the usual ternary compound of quartz, felspar, and 
mica ; though sometimes hornblende is substituted for the mica. 
But in many places a variety occurs which is composed simply of 
felspar and hornblende : and in examining more minutely this 
1 Forbes, Study of Chemical Geology, 186C. 
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duplicate compound, it is observed in some places to assume a 
fine grain, and at length to become undistinguishable from the 
greenstones of the trap family. It also passes in the same un- 
interrupted manner into a basalt, and at length into a soft clay- 
stone, with a schistose tendency on exposure, in no respect 
differing from those of the trap islands of the western coast.’ 1 2 
In Hungary there are varieties of trachyte, which, geologically 
speaking, are of modem origin, in which crystals, not only of 
mica, but of quartz, are common, together with felspar and 
hornblende. It is easy to conceive how such volcanic masses may, 
at a certain depth from the surface, pass downwards into granite. 

Granitic veins. — I have already hinted at the close analogy 
in the forms of certain granitic and trap}) e an veins ; and it will 
be found that strata penetrated by plutonic rocks have Buffered 
changes very similar to those exhibited near the contact of vol- 
canic dikes. Thus, in Glen Tilt, in Scotland, alternating strata 
of limestone and argillaceous schist come in contact with a mass 
of granite. The contact does not take place as might have 
been looked for, if the granite had been formed there before the 
strata were deposited, in which case the section would have 
appeared as in fig. 610 ; but the union is as represented in fig. 
620, the undulating outline of the granite intersecting different 
strata, and occasionally intruding itself in tortuous veins into 
the beds of clay-slate and limestone, from which it differs so 

Fig. 019. Fig. 020. 



Section as it would appear Junction of granite and argillaceous schist in Glen 

if the strata had been de- Tilt. (MacCullocb.) 3 

posited on the granite. 


remarkably in composition . The limestone is sometimes changed 
in character by the proximity of the granitic mass or its veins, 
and acquires a more compact texture, like that of hornstone or 

1 Syst. of Geol., vol. i. pp. 157 and 158. 

2 Geol. Trans., First Series, vol. iii. pi. 21. 
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of these, which is evidently the second in age, is seen to cut 
through an older granite ; and another, still newer, traverses 
both the second and the first. In Shetland there are two kinds 
of granite. One of them, composed of homblonde, mica, 
felspar, and quartz, is of a dark colour, and is seen underlying 
gneiBS. The other is a red granite, which penetrates the dark 
variety everywhere in veins. 1 

Fig. 623 is a sketch of a group of granite veins in Cornwall, 
given by Messrs. Von Oeynhauscn and Von Dechen. 2 The 
main body of the granite here is of a porphyritic appearance, 
with large crystals of felspar ; but in the veins it is fine-grained, 
and without these large crystals. The general height of the 
veins is from 16 to 20 feet, but some are much higher. 

The granites, syenites, diorites, granitic felsites, and indeed all 
plutonic rocks, are frequently observod to contain metallic veins 
at or near their junction with stratified formations. On the 


Fig. 023. 



Granite veins passing through hornblende Blate, Carnsilver Cove, Cornwall. 


other hand, similar veins which traverse stratified rocks are, as 
a general law, more metalliferous near such junctions than in 
other positions. Hence it lias been inferred that these metals 
may have been spread in a gaseous form through the fused mass, 
and that the contact of another rock, in a different state of tem- 
perature, or sometimes the existence of rents in other rocks in the 
vicinity, may have caused the sublimation of the metals. 3 

Veins of pure quartz are often found in granite as in many 
stratified rocks, but they are not traceable, like veins of granite 
or trap, to large bodies of rock of similar composition. They 
appear to have been cracks, into which siliceous matter was 


1 MacCulloch, Syst. of Geol., vol. i. New Series, March 1829. 

P- 58. a Necker, Proceedings of Geol. 

8 Phil. Mag. and Annals, No. 27, Soc, No. 26, p. 392. 
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infiltrated. Such segregation, as it is called, can sometimes 
clearly be shown to have taken place long subsequently to the 
original consolidation of the containing rock. Thus for ex- 
ample, I observed in the gneiss of Tronstad Strand, near 
Drammen, in Norway, the annexed section on the beach. It 
appears that the alternating strata of whitish graniteform gneiss 
and black hornblende schist were first cut through by a green- 
stone dike, about 2£ feet wide ; then the crack a, b , passed 
through all these rocks, and was filled up with quartz. The 
opposite walls of the veins are in some parts incrusted with 
transparent crystals of quartz, the middle of the vein being 
filled up with common opaque white quartz. 

We have seen that the volcanic formations have been called 
overlying, because they not only penetrate others but spread 
over them. M. Necker has proposed to call the granites the 


Fig. 624. 

Greenstones 

GneifS. dike. Gneiss. 



a, b. Quartz vein passing through gneiss and greenstone, Tronstadt Strand, 
near Christiania. 

underlying igneous rocks, and the distinction here indicated is 
highly characteristic. It was indeed supposed by some of the 
earlier observers, that the granite of Christiania, in Norway, 
was intercalated in mountain masses between the primary or 
palaeozoic strata of that country, so as to overlie fossiliferous 


Fig. 625. 



shale and limestone. But although the granite sends veins into 
these fossiliferous rocks, and is deoidedly posterior in origin, its 
actual superposition in mass has been disproved by Professor 
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Keilhau, whose observations on this controverted point I had 
opportunities in 1837 of verifying. There are, however, on a 
smaller scale, certain beds of porphyritic eurite, some a few feet, 
others many yards in thickness, which pass into granite, and 
deserve perhaps to be classed as plutonic rather than trappean 
rocks, which may truly be described as interposed conformably 
between fossiliferous strata, as the eurites (a, c, lig. G25), 
which divide the bituminous shales and argillaceous limestones, 
/ /. But some of these same eurites are partially uncon- 
formable, as &, and may lead us to suspect that the others also, 
notwithstanding their appearance of interstratification, have 
been forcibly injected. Some of the porphyritic rocks above 
mentioned are highly quartzose, others very felspatliic. In 
proportion as the masses are more voluminous, they become 
more granitic in their texture, less conformable, and even begin 
* to send forth veins into contiguous strata. In a word, we have 
here a beautiful illustration of the intermediate gradations be- 
tween volcanic and plutonic rocks, not only in their mincralo- 
gical composition and structure, but also in their relations of 
position to associated formations. If the term ‘ overlying ’ can 
in this instance be applied to a plutonic rock, it is only in pro- 
portion as that rock begins to acquire a trappean aspect. 

It has been already hinted that the heat, which in every 
active volcano extends downwards to indefinite depths, must 
produce simultaneously veiy different effects near the surface 
and far below it ; and we cannot suppose that rocks resulting 
from the crystallising of fused matter under a pressure of several 
thousand feet, much less several miles, of the earth’s crust can 
exactly resemble those formed at or near the surface. Hence 
the production at great depths of a class of rocks analogous to 
the volcanic, and yet differing in many particulars, might have 
been predicted, even had we no plutonic formations to account 
for. How well these agree, both in their positive and negative 
characters, with the theory of their deep subterranean origin, 
the student will be able to judge by considering the descriptions 
already given. 

It has, however, been objected, that if the granitic and 
volcanic rocks were simply different parts of one great series, we 
ought to find in mountain chains volcanic dikes passing upwards 
into lava and downwards into granite. But we may answer 
that our vertical sections are usually of small extent ; and if we 
find in certain places a transition from trap to porous lava, and 
in others a passage from granite to trap, it is as much as could 
be expected of this evidence. 

The prodigious extent of denudation which ’lias been already 
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demonstrated to have occurred at former periods, will reconcile 
the student to the belief that crystalline rocks of high antiquity, 
although deep in the earth’s crust when originally formed, may 
have become uncovered and exposed at the surface. Their 
actual elevation above the sea may be referred to the same 
causes to which we have attributed the upheaval of marine 
strata, even to the summits of some mountain chains. 
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CHAPTER XXXII. 

ON THE DIFFERENT AGES OF THE TEUTONIC ROCKS. 

Difficulty in ascertaining tlie precise age of a plutonic rock — Test of age by 
relative position — Test by intrusion and alteration — Test by mineral com- 
position — Test bj r included fragments — Recent and Pliocene plutonic rocks, 
why invisible — Miocene syenite of the Isle of Skye — Eocene plutonic 
rocks in the Andes — Granite altering Cretaceous rocks — Granite altering 
Lias in the Alps — Granite of Dartmoor altering Carboniferous strata — 
Granite of the Old Red Sandstone Period — Syenite altering Silurian strata 
in Norway — Blending of the same with gneiss — Most ancient plutonic 
rocks — Granite protruded in a solid form. 

When we adopt the igneous theory of granite, as explained in 
the last chapter, and believe that different plutonic rocks have 
originated at successive j>eriods beneath the surface of the 
planet, we must be prepared to encounter greater difficulty in 
ascertaining the precise age of such rocks, than in the case of 
volcanic and fossiliferous formations. We must bear in mind, 
that the evidence of the age of each contemporaneous volcanic 
rock was derived, either from lavas poured out upon the 
ancient surface, whether in the sea or in the atmosphere, or 
from tuffs and conglomerates, also deposited at the surface, and 
either containing organic remains themselves, or intercalated 
between strata containing fossils. But the same tests entirely 
fail or are only applicable in a modified degree when we en- 
deavour to fix the chronology of a rock which has crystallised 
from a state of fusion in the bowels of the earth. In that case, 
we are reduced to the tests of relative position, intrusion, 
alteration of the rocks in contact, included fragments, and 
mineral character ; but all these may yield at best a somewhat 
ambiguous result. 

Test of age by relative position. — Unaltered fossiliferous 
strata of every age are met with reposing immediately on plu- 
tonic rocks ; as at Christiania, in Norway, where the Pleis- 
tocene deposits, and at Heidelberg, on the Neckar, and Mount 
Sorrel in Leicestershire, where the New Red Sandstone forma- 
tions rest on granite. In these, and similar instances, in- 
feriority in position is connected with the superior antiquity 
of granite. The crystalline rock was solid before the sedimentary 
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bods were superimposed, and the latter usually contain in 
them rounded pebbles of the subjacent granite. 

Test by intrusion and alteration. — But when plutonic 
rocks send veins into strata, and alter them near the point of 
contact, in the manner before described (p. 550), it is clear that, 
like intrusive traps, they are newer than the strata which they 
invade and alter. Examples of the application of this test will 
be given in the sequel. 

Test by mineral composition. — Notwithstanding a general 
uniformity in the aspect of plutonic rocks, we have seen in the 
last chapter that there are many varieties, such as homblendic 
granite, talcose granite, and others. One of these varieties is 
sometimes found exclusively prevailing throughout an extensive 
region, where it preserves a homogeneous character ; so that, 
having ascertained its relative age in one place, we can recognise 
its identity in others, and thus determine from a single section 
the chronological relations of large mountain masses. Having 
observed, for example, that the syenite of Norway, in which 
the mineral called zircon abounds, has altered the Silurian 
strata wherever it is in contact, we do not hesitato to refer other 
masses of the same zircon-syenite in the south of Norway to a 
post-Silurian date. Some have imagined that the age of differ- 
ent granites might, to a great extent, be determined by their 
mineral characters alone ; granite with hornblende, for instance, 
being more modem than common or micaceous granite. But 
modem investigations have proved these generalisations to have 
been premature. 

Test by included fragments. — This criterion can rarely be 
of much importance, because the fragments involved in granite 
are usually so much altered, that they cannot be referred with 
certainty to the rocks whence they were derived. In the White 
Mountains, in North America, according to Professor Hubbard, 
a granito vein, traversing granite, contains fragments of slate 
and trap which must have fallen into the fissure when the fused 
materials of the vein were injected from below, 1 and thus the 
granite is shown to be newer than those slaty and trappean for- 
mations from which the fragments were derived. 

Seoent and Pliocene plutonic rocks, why invisible. — 
The explanations already given in the 28th and in the last 
chapter of the probable relation of the plutonic to the volcanic 
formations, will naturally lead the reader to infer that rocks of 
the one class can never be produced at or near the surface 
without some members of the other being formed below. It is 
not uncommon for lava-streams to require more than ten years 
1 Silliman’s Joum., No. 69, p. 123. 
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to cool in the open air ; and where they arc of great depth, a 
much longer period. The melted matter poured from Jorullo, 
in Mexico, in the year 1759, which accumulated in some places 
to the height of 550 feet, was found to retain a high terai>erature 
half a century after the eruption. 1 We may conceive, therefore, 
that great masses of subterranean lava may remain in a red-hot 
or incandescent state in the volcanic foci for immense periods, 
and the process of refrigeration may be extremely gradual. 
Sometimes, indeed, this process may be retarded for an indefinite 
period, by the accession of fresh supplies of heat ; for we find 
that the lava in the crater of Stromboli, one of the Lipari 
Islands, has been in a state of constant ebullition for the last 
two thousand years ; and we may suppose this fluid mass to 
communicate with some caldron or reservoir of fused matter 
below. In the Isle of Bourbon, also, where there has been an 
emission of lava once in every two years for a long period, the 
lava below can scarcely fail to have been permanently in a stato 
of liquefaction. If then it be a reasonable conjecture, that 
about 2,000 volcanic eruptions occur in the course of every cen- 
tury, either above the waters of the sea or beneath them, 2 it 
■will follow that the quantity of plutonic rock generated, or in 
progress dining the Recent epoch, must already have been 
considerable. 

But as the plutonic rocks originate at some depth in the 
earth’s crust, they can only be rendered accessible to human 
observation by subsequent upheaval and denudation. Between 
the period when a plutonic x'ock crystallises in the subterranean 
regions and the era of its protrusion at any single point of the 
surface, one or two geological periods must usually intervene. 
Hence, we must not expect to find the Recent or even the 
Pliocene granites laid open to view, unless we are prepared to 
assume that sufficient time has elapsed since the commencement 
of the Pliocene period for great upheaval and denudation. A 
plutonic rock, therefore, must, in general, be of considerable 
antiquity relatively to the fossiliferous and volcanic formations, 
before it becomes extensively visible. As we know that the up- 
heaval of land has been sometimes accompanied in South 
America by volcanic eruptions and the emission of lava, we may 
conceive the more ancient plutonic rocks to be forced upwards 
to the surface by the newer rocks of the same class formed suc- 
cessively below, — subterposition in the plutonic, like superpo- 
sition in the sedimentary rocks, being usually characteristic of 
a newer origin. 

1 See • Principles,’ Index , 4 Jorullo.’ 

2 Ibid., * Volcanic Eruptions.’ 
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In the accompanying diagram (fig. 62C), an attempt is made to 
show the inverted order in which sedimentary and plutonic for- 



mations may occur in the earths crust. The oldest plutonic 
rock. No. I., has been upheaved at successive periods until it 
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has become exposed to view in a mountain-chain. This protru- 
sion of No. I. has been caused by the igneous agency which 
produced the newer plutonic rocks Nos. II. III. and IV. Part 
of the primary fossiliferous strata, No. I., have also been raised 
to the surface by the same gradual process. It will be observed 
that the Recent strata No. 4 and the Recent granite or plutonic 
rock No. IV. are the most remote from each other in position, 
although of contemporaneous date. According to this hypothe- 
sis, the convulsions of many periods will be required before 
Recent or Post-tertiary granite will bo upraised so as to form 
the highest ridges and central axes of mountain-chains. During 
that time the JRcccnt strata No. 4 might be covered by a great 
many newer sedimentary formations. 

Tertiary plutonic rocks. — At many different points in the 
Hebrides, as in Skye, Mull, Rum, St. Kilda, Ac., great masses 
of granite and syenite are found in close association with the 
Tertiary volcanic rocks which have been before described. 1 Dr. 
MacCulloch described the syenites of Skye as intersecting lime- 
stone and shale which are of the age of the lias. The limestone, 
which at a greater distance from the granite contains shells, 
exhibits no traces of them near its junction, where it has been 
converted into a highly crystalline marble. 

MacCulloch pointed out that the granite and syenite here, as 
in Raasay, was newer than the secondary strata of these islands, 
and Prof. A. Geikie afterwards showed that in Mull there are 
strong grounds for believing these granites and syenites to be 
of Tertiary age, like tho volcanic rocks, with which they are so 
intimately associated. Professor Zirkel, of Leipsic, has dis- 
covered that both in Mull mid Skye there are great mountain 
masses of intrusive rocks, consisting of gabbro containing much 
olivine, which have been erupted subsequently to the granites. 
In Skye these gabbros constitute the remarkable Cuchullin 
Hills, which are so famed for their wild and majestic scenery. 
And lastly Mr. Judd has shown that the great mountain groups 
in tho Hebrides, composed of granites and gabbros, constitute 
the relics of five grand volcanoes which were in eruption during 
a great part of the Tertiary period, the earlier formed masses 
of granite being connected with the series of fclspathic lavas 
probably of Eocene age ; while the gabbros, which break through 
the granites, are the consolidated reservoirs that gave rise to 
the great streams of basaltic lava of Miocene age, which con- 
stitute the plateaux forming so large a portion of the Hebridean 
Archipelago. These researches show that the western isles of 
Scotland afford a most admirable and instructive series of illus- 

1 Judd, * Ancient Volcanoes of the Highlands,’ Gcol. Soc., Jan 1874. 
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trations of the intimate connection between the rocks of the 
volcanic and the plutonic classes respectively ; and at the same 
time of the perfect identity in their nature and sequence, of 
the phenomena of volcanic activity during former periods of 
the earth’s history, and those which are exhibited to us at the 
present day. There are strong grounds for believing that the. 
granites of Arran and the Mourn e Mountains in Ireland are of 
the same age as those of Skye, Mull, Rum, &c. 1 

In a former part of this volume (p. 260), the great nummulitic 
formation of the Alps and Pyrenees was referred to the Eocene 
period, and it follows that vast movements which have raised 
those fossiliferous rocks from the level of the sea to the height 
of more than 10,000 feet above its level have taken place since 
the commencement of the Tertiary epoch. Here, therefore, if 
anywhere, we might expect to find liypogene formations of 
Eocene date breaking out in the central axis or most disturbed 
region of the loftiest chain in Europe. Accordingly, in the 
Swiss Alps, even the ftysch, or upper portion of the nummulitic 
series, has been occasionally invaded by plutonic rocks, and con- 
verted into crystalline schists of the liypogene class. There can 
be little doubt that even the talcose granite or gneiss of Mont 
Blanc itself has been in a fused or pasty state since the flysch 
was deposited at the bottom of the sea ; and the question as to 
its age is not so much whether it be a secondary or tertiary 
granite or gneiss, as whether it should be assigned to the Eocene 
or Miocene epoch. 

Great upheaving movements have been experienced in the 
region of the Andes, during the Post-tertiary period. In some 
part, therefore, of this chain, we may expect to discover tertiary 
plutonic rocks laid open to view ; and Mr. Darwin’s account of 
the Chilian Andes, to which the reader may refer, fully realises 
this expectation. 

But the theory adopted in this work of the subterranean 
origin of the hypogene formations would be untenable, if the 
supposed fact here alluded to, of the appearance of tertiary 
granite at the surface, was not a rare exception to the general 
rule. A considerable lapse of time must intervene between 
the formation of plutonic and metamorphic rocks in the nether 
regions, and their emergence at the surface. For a long series 
of subterranean movements must occur before such rocks can 
be uplifted into the atmosphere or the ocean ; and, before they 
can be rendered visible to man, some strata which previously 
covered them must have been stripped off by denudation. 

Wo know that in the Bay of Bairn in 1538, in Cutch in 1819, 

1 Judd, ‘ Ancient Volcanoes of the Highlands/ Geol. Soc., Jan. 1874. 
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and on several occasions in Peru and Chili, since the com- 
mencement of the present century, the permanent upheaval or 
subsidence of land has been accompanied by the simultaneous 
emission of lava at one or more points in the same volcanic 
region. From these and other examples it may be inferred 
that the rising or sinking of the earth’s crust, operations by 
which sea is converted into land, and land into sea, are a part 
only of the consequences of subterranean igneous action. It 
can scarcely be doubted that this action consists, in a great 
degree, of the baking, and occasionally the liquefaction, of 
rocks, causing them to assume, in some cases a larger, in others 
a smaller volume than before the application of heat. Tt 
consists also in the generation of gases, and their expansion by 
heat, and the injection of liquid matter into rents formed in 
superincumbent rocks. The prodigious scale on which these 
subterranean causes have operated in Sicily since the deposition 
of the Newer Pliocene strata will be appreciated, when we 
remember that throughout half the surface of that island such 
strata are met with, raised to the height of from 50 to that of 
2,000 and even 3,000 feet above the level of the sea. In the 
same island also the older rocks which are contiguous to these 
marine tertiary strata must have undergone, within the same 
period, a similar amount of upheaval. 

The like observations may be extended to nearly the whole 
of Europe, for, since the commencement of the Eocene Period, 
the entire European area, including some of the central and 
very lofty portions of the Alps themselves, as I have elsewhere 
shown, 1 has, with the exception of a few districts, emerged 
from the deep to its present altitude. There must, therefore, 
have been at great depths in the earth’s crust, within the same 
period, an amount of subterranean change, corresponding to 
this vast alteration of level affecting a whole continent. 

The principal effect of subterranean movements during the 
Tertiary Period seems to have consisted in the upheaval of 
hypogene formations of an age anterior to the Carboniferous. 
The repetition of another series of movements, of equal violence, 
might upraise the plutonic and metamorphic rocks of many 
secondary periods ; and, if the same force should still continue 
to act, the next convulsions might bring up to the day the 
tertiary and recent hypogene rocks. In the course of such 
changes many of the existing sedimentary strata would suffer 
greatly by denudation, others might assume a metamorphic 
structure, or become melted down into plutonic and volcanic 
rocks. Meanwhile the deposition of a great thickness of new 
1 See map of Europe and explanation, in Principles, book i. 
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strata would not fail to take place during the upheaval and 
partial destruction of the older rocks. But I must refer the 
reader to the last chapter but one of this volume for a fuller 
explanation of these views. 

Plutonic rocks of Cretaceous Period. - It will be shown in 
the next chapter that chalk, as well as lias, has been altered by 
granite in the eastern Pyrenees. Whether such granite be cre- 
taceous or tertiary cannot easily be decided. Suppose b, c, d f 
fig. 627, to be three members of the Cretaceous series, the lowest 
of which, b , has been altered by the granite A, the modifying in- 
fluence not having extended so far as c, or having but slightly 
affected its lowest beds. Now it can rarely be possible for the 

geologist to decide whether the 
beds d existed at the time of 
the intrusion of A, and altera- 
tion of b and c, or whether they 
were subsequently thrown down 
upon c. But as some Creta- 
ceous and even tertiary rocks 
have been raised to the height 
of more than 0,000 feet in the Pyrenees, wo must not assume 
that plutonic formations of the same periods may not have been 
brought up and exposed by denudation, at the height of 2,000 
or 3,000 feet on the flanks of that chain. 

Plutonic rocks of the Oolite and Xiias. — In the Depart- 
ing. ment of the Hatites 

Alpes, in France, M. 
Elie de Beaumont 
traced a black argil- 
laceous limestone, 
charged with belem- 
nites, to within a few 
yards of a mass of 
granite. Here the 
limestone begins to 
put on a granular 
texture, but is ex- 
tremely fine-grained. 
When nearer the junc- 
tion it becomes grey, 
and has a saccharoid 
structure. In another 

Junction of granite with Jurassic or Oolite strata locality, near Cham- 
In the Alps, near Champoieon. poleon, a granite com- 

posed of quartz, black mica, and rose-coloured felspar is 



Fig. C27. 
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observed partly to overlie the secondary rocks, producing an 
alteration which extends for about 30 feet downwards, dimi- 
nishing in the beds which lie farthest from the granite. (See fig. 
628. ) In the altered mass the argillaceous beds are hardened, 
the limestone is saccharoid, the grits quartzose, and in the midst 
of them is a thin layer of an imperfect granite. It is also an 
important circumstance that near the point of contact, both the 
granite and the secondary rocks become metalliferous, and 
contain nests and small veins of blende, galena, iron, and copper 
pyrites. The stratified rocks become harder and more crystal- 
line, but the granite on the contrary, softer and less perfectly 
crystallised near the junction. 1 Although the granite is incum- 
bent in the above section (fig. 628), we cannot assume that it 
overflowed the strata, for the disturbances of the rocks arc so 
great in this part of the Alps that their original position is often 
inverted. 

Plutonic rocks of Carboniferous Period. — The granite of 
Dartmoor, in Devonshire, was formerly supposed to be one of 
the most ancient of the plutonic rocks, but is now ascertained to 
be posterior in date to the culm-measures of that county, which 
from their position, and as containing true coal-plants, are now 
known to be members of the true Carboniferous series. This 
granite, like the liomblendic granite of Christiania, has broken 
through the stratified formations, on the north-west side of Dart- 
moor, the successive members of the culm-measures abutting 
against the granite, and becoming metamorphosed as they 
approach it. These strata are also penetrated by granite veins, 
and plutonic dikes, called ‘elvans. , ‘ 2 The granite of Cornwall 
is probably of the same date, and, therefore, as modem as the 
Carboniferous strata, if not newer. 

Plutonic rocks of Silurian Period. — It has long been known 
that a very ancient granite near Christiania, in Norway, is 
posterior in date to the Lower Silurian strata of that region, 
although its exact position in the Palaeozoic series cannot be de- 
fined. Von Buch first announced, in 1813, that it was of newer 
origin than certain limestones containing orthocerata and trilo- 
bites. The proofs consist in the penetration of granite veins into 
the shale and limestone, and the alteration of the strata, for a 
considerable distance from the point of contact, both of these 
veins and the central mass from which they emanate. (See p. 562. ) 
Von Buch supposed that the plutonic rock alternated with the 
fossiliferous strata, and that largo masses of granite were sorne- 

1 j^lie de Beaumont, Sur les Mon- 2 Proceed. Geol. Soc., vol. ii. p. 
tagnes de l’Oisans, & c. Mem. de 562 ; and Trans., 2nd ser. vol. v. p. 
la Soc. d’Hist. Nat. de Paris, tom. v. G8G. 
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times incumbent upon the strata ; but this idea was erroneous, 
and arose from the fact that the beds of shale and limestone 
often dip towards the granite up to the point of contact, 
appearing as if they would pass under it in mass, as at a, fig. C29, 

rig. U2:*. 



Silurian. Granite. Silurian strata. 


and then again on the opposite side of the same mountain, as 
at b , dip away from the same granite. When the junctions, 
however, arc carefully examined, it is found that the plutonic 
rock intrudes itself in veins and nowhere covers the fossili- 
ferous strata in largo overlying masses, as is so commonly 
the case with trappean formations. 1 

Now this granite, which is more modern than the Silurian 
strata of Norway, also sends veins in the same country into an 
ancient formation of gneiss ; and the relations of the plutonic 
rock and the gneiss, at their junction, are full of interest when 
we duly consider the wide difference of epoch which must have 
separated tlieir origin. 

The length of this interval of time is attested by the following 
facts : — The fossiliferous, or Silurian, beds rest unconformably 
upon the truncated edges of the gneiss, the inclined strata of 
which had been denuded before the sedimentary beds were 
sujierimposed (see fig. (330). The signs of denudation are two- 

I’ig. (J30. 



Gneiss. Granite. Gneiss. 

Granite sending veins into Silurian strata and gneiss. Christiania, Norway. 
a. Inclined gneiss. b. Silurian strata. 


fold ; first, the surface of the gneiss is seen occasionally, on the 
removal of the newer beds containing organic remains, to be 
worn and smoothed ; secondly, pebbles of gneiss have been 
found in some of these Silurian strata. Between the origin, 
therefore, of the gneiss and the granite there intervened, first, 
the period when the strata of gneiss ivero denuded ; secondly, 

. 1 See the Gaea Norvegica and other works of Keilhau, with whom I 
examined this country. 
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the period of the deposition of the Silurian deposits upon the 
denuded and inclined gneiss a. Yet the granite produced after 
this long interval is often so intimately blended with the ancient 
gneiss, at the point of junction, that it is impossible to draw any 
other than an arbitrary line of separation between them ; and 
where this is not the case, tortuous veins of granite pass freely 
through gneiss, ending sometimes in threads, as if the older 
rock had offered no resistance to their passage. These appear- 
ances may probably be due to hydrothermal action (see below, 
p. 583). 1 shall merely observe in this place that had such 

junctions alone been visible, and had we not learnt, from other 
sections, how long a period elapsed between the consolidation of 
the gneiss, and the injection of this granite, we might have sus- 
pected that the gneiss was scarcely solidified, or had not yet 
assumed its complete metamorphic character when invaded by the 
plutonic rock. From this example we may learn how impossible 
it is to conjecture whether certain granites in Scotland, and 
other countries, which send veins into gneiss and other meta- 
morphic rocks, arc primary, or whether they may not belong to 
some secondary or tertiary period. 

Oldest granites. — It is not half a century since the doctrine 
was very general that all granitic rocks were primitive , that is to 
say, that they originated before the deposition of the first sedi- 
mentary strata, and before the creation of organic beings (see 
above, p. 10). But so greatly are our views now changed, that 
we find it no easy task to point out a single mass of granite de- 
monstrably more ancient than known fossiliferous deposits. 
Could we discover some Laurentian strata resting immediately 
on granite, there being no alterations at the point of contact, 
nor any intersecting granitic veins, we might then affirm the 
plutonic rock to have originated before the oldest known fossil- 
iferous strata. Still it would be presumptuous, as we have al- 
ready pointed out (p. 462), to suppose that when a small part 
only of the globe has been investigated, we are acquainted with 
the oldest fossiliferous strata in the crust of our planet. Even 
when these are found we cannot assume that there never were 
any antecedent strata containing organic remains, which may 
have become metamorphic. If we find pebbles of granite in a 
conglomerate of the Lower Laurentian system, we may then feel 
assured that the parent granite was formed before the Laurentian 
formation. But if the incumbent strata be merely Cambrian or 
Silurian, the fundamental granite, although of high antiquity, 
may be posterior in date to known fossiliferous formations. 
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CHAPTER XXXIII. 

METAMOltPHIC BOCKS. 

Gene vil character of mctamorphic rocks — Gneiss — Hornblende-schist — Scr- 
j, tine — Mica-schist — Clay-slate — Quartzite — Chlorite-schist— Metamor- 
phie limestone — Origin of the metamorphic strata — Their stratification — 
Fossilifermis strata near intrusive masses of granite converted into rocks 
identical with different members of the mctamorphic series — Arguments 
hence derived as to the nature of plutonie action — Hydrothermal action, 
or the influence of steam and gases in producing metamorphism — Objections 
to the metamorpliic theory considered. 

We have now considered throe distinct classes of rocks : first, 
the aqueous, or fossiliferous ; secondly, the volcanic ; and 
thirdly, tlie plutonie ; and it remains for us to examine those 
crystalline (or hypogene) strata to which the name of mctamorphic 
has been assigned. The last-mentioned term expresses, as 
before explained, a theoretical opinion that such strata, after 
having been deposited from water, acquired, by the influence 
of heat and other causes, a highly crystalline texture. They 
who still question this opinion may call the rocks under con- 
sideration the stratified hypogene formations or crystalline 
schists. 

These rocks, when in their charact eristic or normal state, are 
wholly devoid of organic remains, and contain no distinct 
fragments of other rocks, whether rounded or angular. They 
sometimes break out in the central parts of mountain chains, 
but in other cases extend over areas of vast dimensions, 
occupying, for example, nearly the whole of Norway and 
Sweden, where, as in Brazil, they appear alike in the lower 
and higher grounds. However crystalline these rocks may 
become in certain regions, they never, like granite or trap, send 
veins into contiguous formations. In Great Britain, those 
members of the series which approach most nearly to granite 
in their composition, as gneiss, niica-scliist, and hornblende- 
schist, are chiefly found in the country north of the rivers 
Forth and Clyde. 

Many attempts have been made to trace a general order of 
succession or superposition in the members of this family ; clay- 
slate, for example, having been often supposed to hold in- 
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variably a higher geological position than mica-schist, and 
mica-schist to overlie gneiss. But although such an order may 
prevail throughout limited districts, it is by no means universal. 
To this subject, however, I shall again revert, in Chapter 
XXXY. , where the chronological relations of tke metamorpliic 
rocks are pointed out. 

Principal metamorpliic rocks. — The following may bo 
enumerated as the principal members of the metamorpliic class : 
— gneiss, mica-schist, homblende-scliist, clay-slate, clilorite- 
scliist, hypogene or metamorpliic limestone, and certain kinds 
of quartz-rock or quartzite. 

Gneiss . — The first of these, gneiss, may be called stratified — or 
by those who object to that term, foliated — granite, being formed 
of the same materials as granite, namely, felspar, quartz, and 
mica. In the specimen here figured, the white layers consist 
almost exclusively of granular felspar, with here and there a 
speck of mica and grain of quartz. The dark layers are com- 
posed of grey quartz and black mica, with occasionally a grain 
of felspar intermixed. The rock splits most easily in the plane 



Fragment of gneiss, natural size ; section made at right angles to tho 
pianos of foliation. 

of these darker layers, and the surface thus exposed is almost 
entirely covered with shining spangles of mica. The accom- 
panying quartz, however, greatly predominates in quantity, but 
the most ready cleavage is determined by the abundance of 
mica in certain parts of the dark layer. Instead of consisting of 
these thin laminm, gneiss is sometimes simply divided into thick 
beds, in which the mica has only a slight degree of parallelism 
to the planes of stratification. 

Hand specimens may often be obtained from such gneiss 
which arc undistinguishablc from granite, afiording an argument 
to which we shall allude in the concluding p>art of this chapiter, 
in favour of those who regard all granite and syenite not as ig- 
neous rocks, but as aqueous formations so altered as to have 
lost all signs of their original stratified arrangement. Gneiss in 
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geology is commonly used to designate not merely stratified and 
foliated rocks having the same component materials as granite 
or syenite, but also in a wider sense to embrace the formation 
with which other members of the metamorpliic series such as 
hornblende-schist may alternate, and which are then considered 
subordinate to the tme gneiss. 

The different varieties of rock allied to gneiss, into which 
felspar enters as an essential ingredient, "will be understood by 
referring to what was said of granite. Thus, for example, horn- 
blende may be superadded to mica, quartz, and felspar, forming 
a hornblendic or syenitic gneiss ; or talc may be substituted for 
mica, constituting talcose gneiss (called stratified protogine by 
the French), a rock composed of felspar, quartz, and talc, in 
distinct crystals or grains. 

Hornblende-schist is usually black, and composed principally 
of hornblende, with a variable quantity of felspar, and some- 
times grains of quartz. When the hornblende and felspar are 
in nearly equal quantities, and the rock is not slaty, it corre- 
sponds in character with the greenstones of the trap family, and 
has been called i primitive greenstone . 9 It may be termed 
hornblende rock or amphibolite. Some of these hornblendic 
masses may really have been volcanic rocks, which have since 
assumed a more crystalline or metamorpliic texture. 

Actinolite schist is a slaty foliated rock, composed chiefly of 
actinolitc, an emerald-green mineral (allied to hornblende), 
which occurs in slender prismatic crystals, sometimes forming 
radiating groups, with some admixture of quartz, mica, and 
garnet. 

Serpentine is a hydrated silicate of magnesia in which there is 
sometimes from 30 to 40 per cent, of magnesia. It is a rock of a 
green colour, sometimes rendered of a mottled red and dark 
brown by the presence of hematite. It enters largely into the 
composition of a trap dike cutting through Old Red Sandstone in 
Forfarshire, and in that case is probably an altered basaltic dike 
which had contained much olivine. The theory of its having 
been originally a volcanic product subsequently altered by meta- 
morphism may at first sight seem inconsistent with its occurrence 
in large and regularly stratified masses in the metamorpliic series 
in Scotland, as in Aberdeenshire. But it has been suggested 
in explanation that such serpentine may have been originally 
regularly-bedded trajj tuff, and volcanic breccia, with much 
olivine, which would still retain a stratified appearance after 
their conversion into a metamorphic rock. 

Mica-schist , or Micaceous schist, is, next to gneiss, one of the 
most abundant rocks of the metamorphic series. It is slaty, 
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essentially composed of mica and quartz, the mica sometimes 
appearing to constitute tlie whole mass. Beds of pure quartz 
also occur in this formation. In some districts, garnets in regu- 
lar twelve-sided crystals form an integrant part of mica-scliist. 
This rock passes by insensible gradations into clay-slate. 

Clay-date — Argillaceous schist — A ryillite . — This rock some- 
times resembles an indurated clay or shale. It is for the most 
part extremely lissile, often affording good roofing- slate. Occa- 
sionally it derives a shining and silky lustre from the minute 
particles of mica or talc which it contains. It varies from 
gre’enisli or bluish-grey to a lead colour ; and it may be said of 
this, more than of any other schist, that it is common to the 
metamorpliic and fossiliferous series, for some clay-slates taken 
from each division would not bo distinguishable by mineral 
characters alone. It is not uncommon to meet with an argil- 
laceous rock having the same composition, without the slaty 
cleavage, which may be called argillite. 

Chlorite-schist is a green slaty rock, in which chlorite is abun- 
dant in foliated plates, usually blended with minute grains of 
quartz, or sometimes with felspar or mica ; often associated 
with and graduating into, gneiss and clay -slate. 

Quartzite , or Quartz rock, is an aggregate of grains of quartz 
which are either in minute crystals, or in many cases slightly 
rounded, occurring in regular strata associated with gneiss or 
other metamorpliic rocks. Compact quartz, like that so fre- 
quently found in veins, is also found together with granular 
quartzite. Both of these alternate with gneiss or mica-schist, 
or pass into those rocks by the addition of mica, or of felspar 
and mica. 

Crystalline or Metamorpliic limestone . — This rock, called by 
the earlier geologists primary limestone , is sometimes a white 
crystalline granular marble, which when in thick beds can 
be used in sculpture ; but more frequently it occurs in thin 
beds, forming a foliated schist much resembling in colour and 
arrangement certain varieties of gneiss and mica-schist. When 
it alternates with these rocks, it often contains some crystals of 
mica, and occasionally quartz, felspar, hornblende, talc, chlorite, 
garnet, and other minerals. It enters sparingly into the struc- 
ture of the metamorpliic districts of Norway, Sweden, and Scot- 
land, but is largely developed in the Alps. 

Origin of tlie Metamorpliic strata. — Having said thus 
much of the mineral composition of the metamorpliic rocks, I 
may combine what remains to be said of their structure and 
history with an account of the opinions entertained of their 

c e 2 
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probable origin. At the same time, it may be well to forewarn 
the reader that we arc here entering upon ground of contro- 
versy, and soon reach the limits where positive induction ends, 
and beyond which we can only indulge in speculations. It was 
once a favourite doctrine, and is still maintained by many, that 
these rocks owe their crystalline texture, their want of .all signs 
of a mechanical origin, or of fossil contents, to a peculiar and 
nascent condition of the planet at the period of their formation. 
The arguments in refutation of this hypothesis will be more 
fully considered when I show, in Chapter XXXV., to how 
many different ages the metamorpliie formations are referable, 
and how gneiss, mica-scliist, clay-slate, and liypogene limestone 
(that of Carrara, for example) have been formed, not only since 
the first introduction of organic beings into this planet, but 
even long after many distinct races of plants and animals had 
flourished and passed away in succession. 

The doctrine respecting the crystalline strata, implied in the 
name metamorpliie, may properly be treated of in this place ; 
and we must first enquire whether these rocks are really enti- 
tled to be called stratified in tlio strict sense of having been 
originally deposited as sediment from water. The general 
adoption by geologists of the term stratified, as applied to these 
rocks, sufficiently attests their division into beds very analogous, 
at least in form, to ordinary fossiliferous strata. This resem- 
blance is by no means confined to the existence in both occa- 
sionally of a laminated structure, but extends to every kind of 
arrangement which is compatible with the absence of fossils, and 
of sand, pebbles, ripple-mark, and other characters which the 
metamorpliie theory supposes to have been obliterated by plu- 
tonic action. Thus, for example, we behold alike in the cry- 
stalline and fossiliferous formations an alternation of beds 
varying greatly in composition, colour, and thickness. We ob- 
serve, for instance, gneiss alternating with layers of black liom- 
blende-scliist, or of green clilorite-scliist, or with granular 
quartz, or limestone ; and the interchange of these different 
strata may be repeated for an indefinite number of times. In 
the like manner, mica-schist alternates with chlorite-schist, and 
with beds of pure quartz or of granular limestone. We have 
already seen that, near the immediate contact of granitic veins 
and volcanic dikes, very extraordinary alterations in rocks have 
taken place, more especially in the neighbourhood of granite. 
It will bo useful here to add other illustrations, showing that a 
texture undistinguishable from that which characterises the 
more crystalline metamorpliie formations has actually been 
superinduced in strata once fossiliferous. 
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Fossiliferous strata rendered metamorphic by intrusive 
masses of Granite. — In tlie southern extremity of Norway 
there is a large district, on the west side of the fiord of Chris- 
tiania, which I visited in 1837 with the late Professor Keilliau, 
in which liornblcndic granite protrudes in mountain masses 
through foHsilif crons strata, and usually sends veins into them 
at the point of contact. The stratified rocks, replete with shells 
and zoophytes, consist chiefly of shale, limestone, and some sand- 
stone, and all these are invariably altered near the granite for 
a distance of from 50 to 400 yards. The aluminous shales are 
hardened, and have become liinty. Sometimes they resemble 
jasper. Ribboned jasper is produced by the hardening of 
alternate Layers of green and chocolate-coloured schist, each 
stripe faithfully representing the original lines of stratification. 
Nearer the granite the schist often contains crystals of horn- 
blende, which are even met with in some places for a distance 
of several hundred yards from the junction ; and this black 
hornblende is so abundant that eminent geologists, when passing 
through the country, have confounded it with the ancient horn- 
blende-schist, subordinate to the great gneiss formation of 
Norway. Frequently, between the granite and the hornblende 
slate, above-mentioned, grains of mica and crystalline felspar 
appear in the schist, so that rocks resembling gneiss and mica- 
schist are produced. Fossils can rarely be detected in these 
schists, and they are more completely effaced in proportion to 
the more crystalline texture of the beds, and their vicinity to 
the granite. In some places the siliceous matter of the schist 
becomes a granular quartzite ; and when hornblende and mica 
are added, the altered rock loses its stratification, and passes 
into a kind of granite. The limestone, which at points remote 
from the granite is of an earthy texture and blue colour, and 
often abounds in corals, becomes a white granular marble near 
the granite, sometimes siliceous, the granular structure extend- 
ing occasionally upwards of 400 yards from the junction ; the 
corals being for the most part obliterated, though sometimes 
preserved, even in the white marble. Both the altered limestone 
and hardened slate contain garnets in many places, also ores of 
iron, lead, and copper, with some silver. These alterations 
occur equally, whether the granite invades the strata in a line 
parallel to the general strike of the fossiliferous beds, or in 
a line at right angles to their strike, both of which modes of 
junction will be seen by the accompanying ground plan (fig. 
C32). 1 

The granite of Cornwall sends forth veins into a coarse argil- 

1 lvcilliau, Grca Norvegica, pp. 61-G3. 
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laceous- schist, provincially termed killas. This killas is con- 
verted into hornblende-schist near the contact with the veins. 
These appearances arc well seen at tho junction of the granite 
and killas, in St. Michael’s Mount, a small island nearly 300 
feet high, situated in the bay, at a distance of about three miles 
from Penzance. The granite of Dartmoor, in Devonshire, says 
Sir H. Do la Beche, has intruded itself into the carboniferous 
slate and slaty sandstone, twisting and contorting the strata, 
and sending veins into them. Hence some of the slate rocks 


Fig. 632. 



of filtered slate and limestone near granite. Christiania. 
The a no irs indicate the dip, and the oblhjne lines the strike of the beds. 


have become ‘ micaceous ; others more indurated, and with the 
characters of mica-sl.ate and gneiss ; while others again appear 
converted into a hard zoned rock strongly impregnated with 
felspar. 9 1 

Nowhere, however, are the phenomena of local metamorphism 
more beautifully illustrated than in the Western Isles of Scotland. 
Mr. Judd has pointed out that in this neighbourhood great 
masses of granite and gabbro were, during the Tertiary period, 
thrust through the various Palieozoic and Secondary strata, and 
in the vicinity of the junctions of the igneous and the sedi- 
mentary masses the most instructive examples of metamorphism 
may be witnessed. Thus Lias limestones crowded with fossil 
Bliells are found losing, as we approach the igneous rocks, all 
traces of their organic remains, and at last passing into a highly 
crystalline or saccharoid marble suitable for statuary purposes ; 
similarly clays and limestones, under like conditions, are also 
found to be deprived of every trace of the organic structures in 
them and to graduate into indurated slaty rock and quartzite 
respectively, while the felspathic sandstones of the Cambrian are 
altered to a highly micaceous schistose rock. 

1 Geol. Manual, p. 479. 



ch. xxxm.] ALTERATIONS OF STRATA. 


583 


We learn from the investigations of M. Dufrenoy, that in the 
eastern Pyrenees there are mountain masses of granite posterior 
in date to the formations called lias and chalk of that district, 
and that these fossiliferous rocks are greatly altered in texture, 
and often charged with iron-ore, in the neighbourhood of the 
granite. Thus in the environs of St. Martin, near St. Paul de 
Fenouillet, the chalky limestone becomes more crystalline and 
saccharoid as it approaches the granite, and loses all trace of the 
fossils which it previously contained in abundance. At some 
points, also, it becomes dolomitic, and tilled with small veins of 
carbonate of iron, and spots of red iron-ore. At Rancio the lias 
nearest the granite is not only tilled with iron-ore, but charged 
with pyrites, tremolite, garnet, and a new mineral somewhat 
allied to felspar, called from the place in the Pyrenees where it 
occurs ‘ couzeranite . 9 

The Lower Silurian strata of the Highlands, which are through- 
out their whole mass changed into various metamorphic rocks, 
are found near their junction with the intrusive masses of the 
Grampian Mountains, to have undergone a further metamor- 
phism of a local character. 

We have seen that sedimentary rocks in the immediate 
proximity of great igneous intrusions are found to have under- 
gone great induration, while along their planes of bedding or 
cleavage the development of various crystalline minerals has 
frequently taken place. The similarity of the rocks thus 
formed to many of the foliated or schistose rocks suggests that 
the latter may have been in all cases produced from pre-existing 
strata, by the action of analogous chemical forces, operating on 
a more extended scale. Thus gneiss and mica-scliist may be 
nothing more than altered micaceous and argillaceous sand- 
stones, granular quartzite may have been derived from siliceous 
sandstone, and compact quartzite may be the last stage of 
alteration of the same materials. Similarly, clay-slate may be 
altered shale, and granular marble may have originated in the 
form of ordinary limestone, replete with shells and corals, which 
have since been obliterated ; and, lastly, calcareous sands and 
marls may have been changed into impure crystalline lime- 
stones. 

The anthracite and plumbago associated with liypogene rocks 
may have been coal ; for not only is coal converted into anthra- 
cite in the vicinity of some trap dikes, but we have seen that a 
like change has taken place generally oven far from the contact 
of igneous rocks, in the disturbed region of the Appalachians. 
At Worcester, in the state of Massachusetts, 45 miles due west 
of Boston, a bed of plumbago and impure anthracite occurs, 
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interstratified with mica-schist. It is about 2 feet in thickness, 
and has been made use of both as fuel and in the manufacture 
of lead pencils. At the distance of 30 miles from the plumbago, 
there occurs, on the borders of Rhode Island, an impure an- 
thracite in slates containing impressions of coal-plants of the 
genera Pccoj/tcris, Neuro^icris, Catamites , &c. This anthracite 
is intermediate in character between that of Pennsylvania and 
the plumbago of Worcester, in which last the gaseous or volatile 
matter (hydrogen, oxygen, and nitrogen) is to the carbon only 
in the proportion of 3 per cent. After traversing the country 
in various directions, 1 came to the conclusion that the carboni- 
ferous shales or slates with anthracite and plants, which in 
Rhode Island often pass into mica-schists, have at Worcester 
assumed a perfectly crystalline and motamorphic texture ; the 
anthracite having been nearly transmuted into that state of 
pure carbon which is called plumbago or graphite. 1 

Now the alterations above described as superinduced in rocks 
by volcanic dikes and granite veins prove incontestably that 
powers exist in nature capable of transforming fossiliferous into 
crystalline strata, a very few simple elements constituting the 
component materials uncommon to both classes of rocks. These 
elements, which are enumerated in our Table, p. 408, may be 
made to form new* combinations by what has been termed plutonic 
action, or those chemical changes which are no doubt connected 
with the passage of heat, and usually heated steam and waters, 
through the strata. 

By dr o thermal action, or the influence of Steam and 
Oases in producing Metamorphism. — The experiments of 
Gregory Watt, in fusing rocks in the laboratory, and allowing 
them to consolidate by slow r cooling, prove distinctly that a rock 
need not be perfectly melted in order that a re-arrangement 
of its component particles should take place, and a partial crys- 
tallisation ensue. 3 We may easily suppose, therefore, that all 
traces of shells and other organic remains may be destroyed ; 
and that new chemical combinations may arise, without the 
mass being so fused as that the lines of stratification should be 
wholly obliterated. We must not, however, imagine that heat 
alone, such as may be applied to a stone in the open air, can 
constitute all that is comprised in plutonic action. We know 
that volcanos in eruption not only emit fluid lava, but give off 
steam and other heated gases, wliicli rush out in enormous 
volume, for days, weeks, or years continuously, and are even 
disengaged from lava during its consolidation. 

1 See Lyell, Quart. Geol. Joum., vol. i. P. 199. 

3 Phil. Trans., 1 ^04 . 
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We also know that long after volcanoes have spent their force, 
hot springs continue for ages to flow out at various points in the 
same area. In regions also subject to violent earthquakes such 
springs are frequently observed issuing from rents, usually 
along lines of fault or displacement of the rocks. These thermal 
waters are most commonly charged with a variety of mineral 
ingredients, and they retain a remarkable uniformity of tem- 
perature from century to century. A like uniformity is also 
persistent in the nature of the earthy, metallic, and gaseous 
substances with which they .are impregnated. It is well ascer- 
tained that springs, whether hot or cold, charged with carbonic 
acid, and especially with hydrofluoric acid, which is often pre- 
sent in small quantities, are powerful causes of decomposition 
and chemical reaction in rocks through which they percolate. 

The changes which Daubree has shown to have been produced 
by the alkaline waters of Plombieres in the Vosges, are more 
especially instructive. 1 These waters have a heat of 100° F., or 
an excess of 100° above the average temperature of ordinary 
springs in that district. They were conveyed by the Romans to 
baths through long conduits or aqueducts. The foundations of 
some of their works consisted of abed of concrete made of lime, 
fragments of brick and sandstone. Through this and other 
masonry the hot waters have been percolating for centuries, and 
have given rise to various zeolites — apophyliite and cliabazito 
among others ; also to calcareous Bpar, arragonite, and fluor 
spar, together with siliceous minerals, such as opal — all found 
in the interspaces of the bricks and mortar, or constituting part 
of their re-arranged materials. The quantity of heat brought 
into action in this instance in the course of 2,000 years has, no 
doubt, been enormous, but the intensity of it developed at any 
one moment has been always inconsiderable. 

From these facts and from the experiments and observations 
of Senarmont, Daubree, Delesse, Scheerer, Sorby, Sterry Hunt, 
and others, we are led to infer that when there are large volumes 
of matter in the bowels of the earth, containing water and 
various acids intensely heated under enormous pressure, these 
subterranean fluid masses will gradually part withjtheir heat by 
the escape of steam and various gases through fissures, produ- 
cing hot springs ; or by the passage of the same through tho 
pores of the overlying and injected rocks. Even the most com- 
pact rocks may be regarded, before they have been exposed to 
tho air and dried, in the light of sponges filled with water. 
According to the experiments of Henry, water, under an hydro- 
static pressure of 9G feet, will absorb three times as much 

1 Daubree, Sur le Me'tamorphisme. Paris, 1860. 
c c 3 
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carbonic acid gas as it can under the ordinary pressure of the 
atmosphere. There are other gases, as well as the carbonic 
acid, which water absorbs, and more rapidly in proportion to 
the amount of pressure. Although the gaseous matter first 
absorbed would soon be condensed, and part with its heat, yot 
the continual arrival of fresh supplies from below might, in the 
course of ages, cause the temperature of the water, and with it 
that of the containing rock, to be materially raised ; the water 
acts not only .as a vehicle of heat, but also by its affinity for 
various silicates, which, when some of the materials of the in- 
vaded rocks are decomposed, form quartz, felspar, mica, and 
other minerals. As for quartz, it can be produced under the 
influence of heat by water holding alkaline silicates in solution, 
as in the case of the Ploinbieres sj)rings. The quantity of water 
required, according to Daubrec, to produce great transforma- 
tions in the mineral structure of rocks, is very small. As to the 
heat required, silicates may be produced in the moist way at 
about incipient red heat, whereas to form the same in the dry 
way would require a much higher temperature. 

M. Fournet, in his description of the motalliferous gneiss near 
Clermont, in Auvergne, states that all the minute fissures of the 
rock are quite saturated with free carbonic acid gas ; which gas 
rises plentifully from the soil there and in many parts of the 
surrounding country. The various elements of the gneiss, with 
the exception of the quartz, are all softened ; and new combi- 
nations of the acid with lime, iron, and manganese are continu- 
ally in progress. 1 

The power of subterranean gases is well illustrated by the 
stufas of St. Calogero in the Li pari Islands, where the horizon- 
tal strata of tuft' forming cliffs 200 feet high, have been dis- 
coloured in places by the jets of steam often above the boiling 
point, called < stufas, 1 issuing from the fissures ; and similar in- 
stances are recorded by M. Virlet of corrosion of rocks near 
Corinth, and by Dr. Daubeny of decomposition of trachytic 
rocks by sulphuretted hydrogen and muriatic acid gases in the 
Solfatara, near Naples. In all these instances it is clear that 
the gaseous fluids must have made their way through vast thick- 
nesses of porous or fissured rocks, and their modifying influence 
may spread through the crust for thousands of yards in thick- 
ness. 

It has been urged as an argument against the metam orphic 
theory, that rocks have a small power of conducting heat, and it 
is true that when dry, and in the air, they differ remarkably 
from metals in this respect. The syenite of Norway, as we have 
1 See Principles, Index , * Carbonated Springs,’ &c. 
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seen, p. 5G1, lias sometimes altered fossiliferous strata both in 
the direction of their dip and strike for a distance of a quarter 
of a mile, but the theory of gneiss and mica-scliist above pro- 
posed requires us to imagine that the same influence has 
extended through strata miles in thickness. Professor Bisclioff 
has shown what changes may be superinduced, on black marble 
and other rocks, by the steam of a hot spring having a tempe- 
rature of no more than 133° to 1(>7° Falir., and we are becoming 
more and more acquainted with the prominent part which water is 
playing in distributing the heat of the interior through mountain 
masses of incumbent strata, and of introducing into them 
various mineral elements in a fluid or gaseous state. Such facts 
may induce us to consider whether many granites and other 
rocks of that class may not sometimes represent merely the ex- 
treme of a similar slow metamorpliism. But, on the other hand, 
the heat of lava in a volcanic crater when it is white and glowing 
like the sun must convince ns that the temperature of a column 
of such a fluid at the depth of many miles, exceeds any heat 
which can ever be witnessed at the surface. That large portions 
of the plutonic rocks had been formed under the influence of 
such intense heat is in perfect accordance with their great 
volume, uniform composition, and absence of stratification. The 
forcing also of veins into contiguous stratified or schistose rocks 
is a natural consequence of the hydrostatic pressure to which 
columns of molten matter many miles in height must give rise. 

Objections to tbe metamorphic theory considered. — It 
has been objected to the metamorphic theory that the crystalline 
schists contain a considerable proportion of potash and soda, 
whilst the sedimentary strata out of which they are supposed to 
have been formed, are usually wanting in alkaline matter. But 
this reasoning proceeds on mistaken data, for clay, marl, shale, 
and slate often contain a considerable proportion of alkali, so 
much bo as to make them frequently unfit to be burnt into bricks 
or pottery, and the Old Red Sandstone in Forfarshire and other 
parts of Scotland derived from disintegration of granite, contains 
much triturated felspar rich in potash. In the common salt by 
which strata are often largely impregnated, as in Patagonia, 
much soda is present, and potash enters largely into the compo- 
sition of fossil sea-weeds, and recent analysis has also shown 
that the carboniferous strata in England, the Upper and Lower 
Silurian in East Canada, and the oldest clay-slates in Norway, 
all contain as much alkali as is generally i>resent in metamor- 
phic rocks. 

Another objection has been derived from the alternation of 
highly crystalline strata with others less crystalline. The heat, 
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it is said, in its ascent from below, must have traversed the less 
altered^schists before it reached a higher and more crystalline 
bed. In answer to this, it may be observed, that if a number 
of strata differing greatly in composition from each other be 
subjected to equal quantities of heat, or hydrothermal action, 
there is every probability that some will be much more fusible 
or soluble than others. Some, for example, will contain soda, 
potash, lime, or some other ingredient capable of acting as a 
flux or solvent ; while others may be destitute of the same ele- 
ments, and so refractory as to be very slightly affected by the 
same causes. Nor should it be forgotten that, as a general 
rule, the less crystalline rocks do really occur in the upper, and 
the more crystalline in the lower part of each metamorphic 
series. 
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CHAPTER XXXIV. 

METAMOitP Hi(_t hocks — continued. 

Definition of slaiy cleavage and joints — Supposed causes of these structures 
— Crystalline theory of cleavage — Mechanical theory of cleavage — Con- 
densation and elongation of slate rocks hy lateral pressure — Lamination 
of some volcanic, rocks due to motion — Whether the foliation of the cry- 
stalline schists he usually parallel with the original planes of stratification 
— Examples in Norway and Scotland — Causes of irregularity in the planes 
of foliation. 

We have already seen that chemical forces of great intensity 
have frequently acted upon sedimentary and fossilif crons strata 
long subsequently to their consolidation, and we may next en- 
quire whether the component minerals of the altered rocks 
usually arrange themselves in planes parallel to the original 
planes of stratification, or whether, after crystallisation, they 
more commonly take up a different position. 

In order to estimate fairly the merits of this question, we 
must first define what is meant by the terms cleavage and folia- 
tion. There are four distinct forms of structure exhibited in 
rocks, namely, stratification, joints, slaty cleavage, and foliation ; 
and all these must have different names, even though there be 
cases where it is impossible, after carefully studying the appear- 
ances, to decide upon the class to which they belong. 

Slaty cleavage. — Professor Sedgwick, whose essay e On the 
Structure of large Mineral Masses ’ first cleared the way towards 
a better understanding of this difficult subject, observes, that 
joints are distinguishable from lines of slaty cleavage in this, 
that the rock intervening between two joints has no tendency to 
cleave in a direction parallel to the planes of the joints, whereas 
a rock is capable of indefinite subdivision in the direction of 
its slaty cleavage. In cases where the strata are curved, the 
planes of cleavage are still perfectly parallel. This has been 
observed in the slate rocks of part of Wales (see fig. 033), which 
consist of a hard greenish slate. The true bedding is there in- 
dicated by a number of parallel stripes, some of a lighter and 
some of a darker colour than the general mass. Such stripes 
are found to be parallel to the true planes of stratification, 
wherever these are manifested by ripple -mark, or by beds con- 
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taining peculiar organic remains. Some of the contorted strata ( 
are of a coarse mechanical structure, alternating with fine- 
grained crystalline chloritic slates, in which case the same slaty 

Fig. c:i3. 



Tarallol planes of cleavage intersecting curved strata. (Sedgwick.) 


cleavage extends through the coarser and finer beds, though it 
is brought out in greater perfection in proportion as the mate- 
rials of the rock are fine and homogeneous. It is only when 
these are very coarse that the cleavage planes entirely vanish. 
In the Welsh hills these planes are usually inclined at a very 
considerable angle to the planes of the strata, the average 
angle being as much as from 30° to 40°. Sometimes the 
cleavage planes dip towards the same point of the compass as 
those of stratification, but often to opposite points. 1 The 
cleavage, as represented in fig. (»33, is generally constant over 
the whole of any area aficcted by one great set of distur- 
bances, as if the same lateral pressure which caused the crum- 
pling up of the rock along parallel, anticlinal, and synclinal axes 
caused also the cleavage. 

Professor McKenny Hughes remarks, that w r here a rough 
cleavage cuts flagstones at a considerable angle to the planes 
of stratification, the rock often splits into large slabs, across 
which the lines of bedding are frequently seen, but when the 
cleavage planes approach within about 15° of stratification, 


Fig. 034. 



Section in Lower Silurian slates of Cardiganshire, showing the cleavage planes 
bent along the junction of the beds. (T. Mclv. Hughes.) 

the rock is apt to split along the lines of bedding. He has also 
called my attention to the fact that subsequent movements in a 
cleaved rock sometimes drag and bend the cleavage planes along 
1 Geol. Trans., 2nd series, vol. iii. p. 461. 



ch. xxxiv.] JOINTED STRUCTURE AND CLEAVAGE. 591 


the junction of the beds in the manner indicated in the annexed 
figure. 

Jointed structure. — In regard to joints, they are natural 
fissures which often traverse rocks in straight and well-deter- 
mined lines. They afford to the quarry man, as Sir R. Mur- 
chison observes, when speaking of the phenomena, as exhibited 
in Shropshire and the neighbouring counties, the greatest aid 
in the extraction of blocks of stone ; and, if a sufficient number 
cross each other, the whole mass of rock is split into sym- 
metrical blocks. The faces of the joints are for the most 
part smoother and more regular than the surfaces of true strata. 
The joints are straight-cut chinks, sometimes slightly open, and 
often passing, not only through layers of successive deposition, 
but also through balls of limestone or other matter, which have 
been formed by concretionary action since the original accu- 
mulation of the strata, and in the case of conglomerates even 
through quartz pebbles. Such joints, therefore, must often 
have resulted from one of the last changes superinduced upon 
sedimentary deposits. 1 

In the annexed diagram (fig. (>35), the Hat surfaces of rock 
A, n, c, represent exposed faces of joints, to which the walls of 


Fig. <535. 



Stratification, joints, and cleavage. 
(From Murchison’s ‘ Silurian System,’ p. 245.) 


other joints, j j, are parallel, ss are the lines of stratification ; 
D d are lines of slaty cleavage, which intersect the rock at a 
considerable angle to the planes of stratification. 

In the Swiss and Savoy Alps, as Mr. Bakewell has remarked, 
enormous masses of limestone are cut through so regularly by 
nearly vertical partings, and these joints are often so much more 
conspicuous than the seams of stratification, that an inexpe- 
rienced observer will almost inevitably confound them, and 
suppose the strata to be perpendicular in places where in fact 
they are almost horizontal. 2 

i Silurian System, p. 246. 


2 Introduction to Geology, chap. iv. 



In many countries where masses of basalt rest on sandstone, 
tlie aqueous rock lias for tlie distance of several feet from the 
point of junction assumed a columnar structure similar to that of 
the trap. Tn like manner some hearthstones, after exposure to 
the heat of a furnace without being melted, have become pris- 
matic. Certain crystals also acquire by the application of heat 
a new internal arrangement, so as to break in a new direction, 
their external form remaining unaltered. 

Crystalline tlieory of cleavagre. — Professor Sedgwick, 
speaking of the planes of slaty cleavage, where they are deci- 
dedly distinct from those of sedimentary deposition, declared 
in the essay before alluded to, his opinion that no retreat of 
parts, no contraction in the dimensions of rocks in passing to a 
solid state, can account for the phenomenon. He accordingly 
referred it to crystalline or polar forces acting simultaneously, 
and somewhat uniformly, in given directions, on large masses 
having a homogeneous composition. 

Sir John Herschel, in allusion to slaty cleavage, has suggested, 
‘that if rocks have been so heated as to allow a commencement 
of crystallisation, — that is to say, if they have been heated to a 
point at which the particles can begin to move amongst them- 
selves, or at least on their own axes, some general law must then 
determine the position in which these particles will rest on 
cooling. Probably, that position w T ill have some relation to the 
direction in which the heat escapes. Now, when all, or a ma- 
jority of particles of the same nature have a general tendency 
to one position, that must of course determine a cleavage-plane. 
Thus we see the infinitesimal crystals of fresh precipitated sul- 
phate of barytes, and some other such bodies, arrange them- 
selves alike in the fluid in which they float ; so as, when stirred, 
all to glance with one light, and give the appearance of silky 
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filaments. Some sorts of soap, in which insoluble margaratcs 1 
exist, exhibit the same phenomenon when mixed with water ; 
and what occurs in our experiments on a minute scale may 
occur in nature on a great one. ’ 2 

Mechanical theory of Cleavage. — Professor Phillips has 
remarked that in some slaty rocks the form of the outline of 
fossil shells and trilobites has been much changed by distortion, 
which has taken place in a longitudinal, transverse, or oblique 
direction. This change, he adds, seems to be the result of a 
c creeping movement 9 of the particles of the rock along the 
planes of cleavage, its direction being always uniform over the 
same tract of country, and its amount in space being sometimes 
measurable, and being as much as a quarter or even half an 
inch. 3 Mr. D. Sharpe, following up the same line of enquiry, 
came to the conclusion that the present distorted forms of the 
shells in certain British slate rocks may be accounted for by 
supposing that the rocks in which they are imbedded have 
undergone compression in a direction perpendicular to the planes 
of cleavage, and a corresponding expansion in the direction of 
the dip of the cleavage. 4 

Subsequently (1853) Mr. Sorby demonstrated the great ex- 
tent to which this mechanical theory is applicable to the slate 
rocks of North Wales and Devonshire, 5 * * 8 districts where the 
amount of change in dimensions can be tested and measured by 
comparing the different effects exerted by lateral pressure on 
alternating beds of finer and coarser materials. Thus, for 
example, in the accompanying figure (fig. 030) it will be seen 
that the sandy bed <lf, which has offered greater resistance, has 
been sharply contorted, while the fine-grained strata, a , 5, c, 
have remained comparatively unbent. The points d and f in 
the stratum d f must have been originally four times as far 
apart as they are now. They have been forced so much nearer 
to each other, partly by bending, and partly by becoming elon- 
gated in the direction of w T hat may be called the longer axes of 
their contortions, and lastly, to a certain small amount, by con- 
densation. The chief result has obviously been due to the 
bending ; but, in proof of elongation, it will bo observed that 
the thickness of the bed d f is now about four times greater in 

1 Margaric acid is an oleaginous of Good Hope, Feb. 20, 1830. 

acid, formed from different animal 3 Report, Brit. Assoc., Cork, 1843, 

and vegetable fatty substances. A Sect. p. GO. 

margarate is a compound of this acid 4 Quart. Ueol. Journ., vol. iii. p. 

with soda, potash, or some other base, 87, i 847. 

and is so named from its pearly a On the Origin of Slaty Cleavage, 

lustre. by II. C. Sorby, Edinb. New. Phil. 

8 Letter to the author, dated Cape Joum. 1853, vol. lv. p. 187. 
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(Drawn by II. C. Sorby.) 

Vertical section of slate rock in the cliffs 
near Ilfracombe, North Devon. 

Scale one inch to one foot. 

a, h, c, c. Fine-grained slates, the stratifi- 
cation being shown partly by lighter, 
or darker colours, and partly by diffe- 
rent degrees of fineness in the grain. 
c7, /. A coarser-grained, light-coloured 
’ sandy slate, with less perfect cleavage. 


Above the sandy bed d /, 
tlio stratum c is somewhat 
disturbed, while the next 
bed b is much less bo, and a 
not at all ; yet all these 
beds, r, />, and a, must have 
undergone an equal amount 
of pressure with d, the points 
a and g having approxi- 
mated as much towards each 
other as have d and /. The 
same phenomena are also 
repeated in the beds below <J, 
and might have been shown, 
had the section been ex- 
tended downwards. Hence 
it appears that the finer beds 
have been squeezed into a 
fourth of the space they pre- 
viously occupied, partly by 
condensation, or the closer 
packing of their ultimate 
particles (which has given 
rise to the great specific 
gravity of such slates), and 
partly by elongation in the 
line of the dip of the cleav- 
age, of which the general 
direction is perpendicular to 
that of the pressure. ‘ These 
and numerous other cases in 
North Devon are analogous, ’ 
says Mr. Sorby, ‘ to what 
were included in a mass of 
would readily change its 


would occur if a strip of paper 
some soft plastic material which 
dimensions. If the whole were then compressed in the direc- 
tion of the length of the strip of paper, it would be bent and 
puckered up into contortions, whilst the plastic material would 
readily change its dimensions without undergoing such con- 
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tortions ; and the difference in distance of the ends of the 
paper, as measured in a direct line or along it, would indicate 
the change in the dimensions of the plastic material. ’ 

By microscopic examination of minute crystals, and by other 
observations, Mr. Sorby has come to the conclusion that the 
absolute condensation of the slate rocks amounts upon an aver- 
age to about one half their original volume. Most of the scales 
of mica occurring in certain slates examined by Mr. Sorby he in 
the plane of cleavage ; whereas in a similar rock not exhibiting 
cleavage they lie with their longer axes in all directions. May 
not their position in the slates have been determined by the 
movement of elongation before alluded to ? To illustrate this 
theory some scales of oxide of iron were mixed with soft pipe- 
clay in such a manner that they inclined in all directions. The 
dimensions of the mass were then changed artificially to a 
similar extent to what has occurred in slate rocks, and the pipe- 
clay was then dried and baked. When it was afterwards rubbed 
to a flat surface perpendicular to the pressure and in the line of 
elongation, or in a plane corresponding to that of the dip of 
cleavage, the particles were found to have become arranged in 
the same manner, as in natural slates, and the mass admitted of 
easy fracture into thin flat pieces in the plane alluded to, 
whereas it would not yield in that perpendicular to the 
cleavage. 1 

Dr. Tyndall, when commenting in 1850 on Mr. Sorby’s expe- 
riments, observed that pressure alone is suflicient to produce 
cleavage, and that the intervention of plates of mica or scales of 
oxide of iron, or any other substances having flat surfaces, is 
quite unnecessary. In proof of this he showed experimentally 
that a mass of ‘ pure white wax after having been submitted to 
great pressure, exhibited a cleavage more clean than that of any 
slate-rock, splitting into lamina; of surpassing tenuity.’* He 
remarks that every mass of clay or mud is divided and sub- 
divided by surfaces among which the cohesion is comparatively 
small. On being subjected to pressure, such masses yield and 
spread out in the direction of least resistance, small nodules 
become converted into lamina; separated from each other by 
surfaces of weak cohesion, and the result is that the mass cleaves 
at right angles to the line in which the pressure is exerted. In 
further illustration of this Professor Hughes'remarks that concre- 
tions which in the undisturbed beds have their longer axes 
parallel to the bedding are, where the rock is much cleaved, 
frequently found flattened laterally, so as to have their longer 

1 Sorby, as cited above, p. 711, - Tyndall, View of the Cleavage 

note. of Crystals and Slate Hocks. 



590 FOLIATION OF CRYSTALLINE SCHISTS, [cii. xxxiv. 


axes parallel to the cleavage planes and at a considerable angle, 
even riglit angles, to their former position. 

Mr. Darwin attributes the lamination and fissile structure of 
volcanic rocks of the tracliytic series, including some obsidians 
in Ascension, Mexico, and elsewhere, to their having moved 
when liquid in the direction of the lamina;. The zones consist 
sometimes of layers of air-cells drawn out and lengthened in the 
supposed direction of tho moving mass. 1 

Foliation of Crystalline Scbists. — After studying, in 1835, 
the crystalline rocks of South America, Mr. Darwin proposed 
the term foliation for the lamina) or plates into which gneiss, 
mica-schist, and other crystalline rocks are divided. Cleavage, 
he observes, may be applied to those divisional planes which 
render a rock fissile, although it may appear to the eye quite or 
nearly homogeneous. Foliation may be used for those alternat- 
ing layers or plates of different minoralogical nature of which 
gneiss and other metamorphic schists are composed. 

That the planes of foliation of the crystalline schists in 
Norway accord very generally with those of original stratifica- 
tion is a conclusion long since espoused by Keilhau. 2 Numerous 
observations made by Mr. David Forbes in the same country 
(the best probably in Europe for studying such phenomena on a 
grand scale) confirm Keilliau \s opinion. In Scotland, also, Mr. 
D. Forbes has pointed out a striking case where the foliation is 
identical with the lines of stratification in rocks well seen near 
Crianloricli on the road to Tyndrum, about 8 miles from Inver- 
arnon in Perthshire. There is in that locality a blue limestone 
foliated by the intercalation of small plates of white mica, so 
that the rock is often scarcely distinguishable in aspect from 
gneiss or mica-schist. The stratification is shown by the large 
beds and coloured bands of limestone all dipping, like the folia, 
at an angle of 32 degrees N.E. 3 In stratified formations of 
every age we see layers of siliceous sand with or without mica, 
alternating with clay, with fragments of shells or corals, or with 
seams of vegetable matter, and we should expect the mutual 
attraction of like particles to favour the crystallisation of the 
quartz, or mica, or felspar, or carbonate of lime along the planes 
of original deposition, rather than in planes placed at angles of 
20 or 40 degrees to those of stratification. 

After a general examination of the metamorphic rocks of the 
Highlands, Sir Roderick Murchison and Mr. Geikie were led 
to the conclusion that throughout the whole district foliation is 

1 Darwin, Volcanic Islands, pp. p. 71. 

G9, 70. 3 Memoir road before the Geol. 

2 Norske Mag. Naturvidsk., vol. i. Soc. London, Jan. 31, 1855. 
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coincident with the stratification of the rocks, and not, as had 
been suggested by Mr. Daniel Sharpe, with their cleavage. 1 
Mr. Scrope, on the other hand, is inclined to attribute the 
foliation of the crystalline schists to ‘the results of internal 
differential movements in the constituents of the subterranean 
mineral matter while exposed to enormous irregular pressures 
as well as variations of temperature, and under these influences 
changing at times from a solid to a fluid state and probably 
back again to crystalline solidity, through intervening phases 
of viscosity — movements and changes which must of necessity 
have frequently arranged and rearranged the component cry- 
stalline minerals, sometimes in irregular composition like that of 
granite, diorite, or trachyte, sometimes in laminar or schistose 
bands like those of gneiss, mica-schist, and other so-called meta- 
morpliic crystallines.’ 2 

We have seen how much the original planes of stratification 
may be interfered with or even obliterated by concretionary 
action in deposits still retaining their fossils, as in the case of 
the magnesian limestone (see p. 40). Hence w r e must expect to 
be frequently baffled when wo attempt to decide whether tho 
foliation does or does not accord with that arrangement which 
gravitation, combined with current- action, imparted to a deposit 
from water. Moreover, when we look for stratification in crys- 
talline rocks, we must be on our guard not to expect too much 
regularity. The occurrence of wedge-shaped masses, such as 
belong to coarse sand and 
pebbles, — diagonal lami- 
nation (p. 18), — ripple- 
marked, — unconformable 
stratification, — the fan- 
tastic folds produced by 
lateral pressure, — faults 
of various width, — in- 
trusive dikes of trap, — 
organic bodies of diversi- 
fied shapes, — and other Ln ruination of olny-stons, Montaprno ilo Sejminat 
causes of unevenness in ucur t}llvanuc » 111 tll(J ryn-mv«. 

the planes of deposition, both on the small and on the largo 
scale, will interfere with parallelism. If complex and enig- 
matical appearances did not present themselves, it would be a 
serious objection to the metam orpliic theory. Mr. Sorby has 
shown that the peculiar structure belonging to ripple-marked 

1 Quart. Geol. Journ., vol. xvii., face, p. IS; and Geologist Mag. 

18G1, p. 232. vol. i. p. 3G1. 

2 Scrope, ‘Volcanoes,’ 1872, pre- 


I'ig. 
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CHAPTER XXXY. 

ON THE DIFFERENT AGES OF THE METAMORPHIC ROOKS. 


Difficulty of ascertaining tlie age of metamorphic strata — Metamorphic 
strata of Eocene date in the Alps of Switzerland and Savoy — Limestone 
and shale of Carrara — Metamorphic strata of older date than the Silurian 
and Cambrian rooks. Order of succession in metamorphic rocks. Uni- 
formity of mineral character — Supposed Azoic Period — Connection between 
the absence of organic remains and the scarcity of calcareous matter in 
metamorphic rocks. 

According to tlie theory adopted in the last chapter, the 
metamorphic strata have been deposited at one period, and 
have become crystalline at another. We can rarely hope to 
define with exactness the date of both these periods, the fossils 
having been destroyed by plutonic action, and the mineral 
characters being the same, whatever the pgc. Superposition 
itself is an ambiguous test, especially when we desire to deter- 
mine the period of crystallisation. Suppose, for example, we 
are convinced that certain metamorphic strata in the Alps, 
which are covered by cretaceous beds, are altered lias ; this lias 
may have assumed its crystalline texture in the cretaceous or in 
some tertiary period, the Eocene for example. 

When discussing the ages of the plutonic rocks, we have seen 
that examples occur of various primary, secondary, and tertiary 
deposits converted into metamorphic strata, near their contact 
with granite. There can be no doubt in these cases that strata, 
once composed of mud, sand, and gravel, or of clay, marl, and 
shelly limestone, have for tlie distance of several yards, and in 
some instances several hundred feet, been turned into gneiss, 
mica-schist, hornblende-schist, chlorite-schist, quartz rock, sta- 
tuary marble, and the rest. (Seethe two preceding chapters.) 
It may be easy to prove the identity of two different parts of 
the same stratum ; one where the rock has been in contact with 
a volcanic or plutonic mass, and has been changed into marble 
or hornblende-schist, and another not far distant, where the 
same bed remains unaltered and fossiliferous ; but when hydro- 
thermal action, as described in the thirty-third chapter, has 
operated gradually on a more extensive scale, it may have 
finally destroyed all monuments of the date of its development 
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throughout a whole mountain chain, and all the labour and skill 
of the most practised observers are required, and may some- 
times be at fault. I shall mention one or two examples of 
alteration on a grand scale, in order to explain to the student 
the kind of reasoning by which we are led to infer that dense 
masses of fossiliferous strata have been converted into crystal- 
line rocks. 

Eocene strata rendered metamorphic inthe Alps. — In the 

eastern part of the Alps, some of the Palaeozoic strata, as well 
as the older Mesozoic formations, including the oolitic and cre- 
taceous rocks, are distinctly recognisable. Tertiary deposits 
also appear in a less elevated position on the flanks of the 
Eastern Alps ; but in the Central or Swiss Alps, tlio Palaeozoic 
and older Mesozoic formations disappear, and the Cretaceous, 
Oolitic, Liassic, and at some points even the Eocene strata, 
graduate insensibly into metamorpliic rocks, consisting of 
granular limestone, talc-schist, talcose-gneiss, micaceous schist, 
and other varieties. 

As an illustration of the partial conversion into gneiss of por- 
tions of a highly inclined set of beds, I may cite Sir R. Murchi- 
son’s memoir on the structure of the Alps. Slates provincially 
termed ‘fiysch’ (see above, p. 202), overlying the nummulite 
limestone of Eocene date, and comprising some arenaceous and 
some calcareous layers, are seen to alternate several times with 
bands of granitoid rock, answering in character to gneiss. In 
this case heat, vapour, or water at a high temperature may have 
traversed the more permeable beds, and altered them so far as 
to admit of an internal movement and re-arrangement of the 
molecules, while the adjoining strata did not give passage to the 
same heated gases or water, or, if so, remained unchanged be- 
cause they were composed of less fusible or decomposable 
materials. Whatever hypothesis we adopt, the phenomena 
establish beyond a doubt the possibility of the development of 
the metamorpliic structure in a tertiary deposit in planes 
parallel to those of stratification. The strata appear clearly to 
have been affected, though in a less intense degree, by that samo 
plutonic action which has entirely altered and rendered meta- 
morphie so many of the subjacent formations ; for in the Alps, 
this action has by no means been confined to the immediate 
vicinity of granite. Granite, indeed, and other plutonic rocks, 
rarely make their appearance at the surface, notwithstanding the 
deep ravines which lay open to view the internal structure of 
these mountains. That they exist below at no great depth we 
cannot doubt, for at some x>oints, as in the Valorsine, near Mont 
Blanc, granite and granitic veins are observable, piercing 
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through talcose gneiss, which passes insensibly upwards into 
secondary strata. 

It is certainly in the Alps of Switzerland and Savoy, more 
than in any other district in Europe, that the geologist is pre- 
pared to meet with the signs of an intense development of 
plutonic action ; for here strata thousands of feet thick have 
been bent, folded, and overturned, and marine secondary for- 
mations of a comparatively modem date, such as the Oolitic and 
Cretaceous, have been upheaved to the height of 12,000, and 
some Eocene strata to elevations of 10,000 feet above the level 
of the sea ; and even deposits of the Miocene era have been 
raised 4,000 or 5,000 feet, so as to rival in height the loftiest 
mountains in Great Britain. In one of the sections described by 
M. Studer in the highest of the Bernese Alps, namely in the 
Rothtlial, a vallej^ bordering the line of perpetual snow on the 
northern side of the Jungfrau, there occurs a mass of gneiss 
1,000 feet thick, and 15,000 feet long, which I examined, not 
only resting upon, but also again covered by strata containing 
oolitic fossils. These anomalous appearances may partly be ex- 
plained by supposing great solid wedges of intrusive gneiss to 
have been forced in laterally between strata to which 1 found 
them to be in many sections unconformablc. The superposition 
also of the gneiss to the oolite may, in some cases, be due to a 
reversal of the original position of the beds in a region where 
the convulsions have been on so stupendous a scale. 

TCort&ern Apennines — Carrara.— The celebrated marble of 
Carrara, used in sculpture, was once regarded as a type of 
primitive limestone. It abounds in the mountains of Massa 
Carrara, or the ‘ Apuan Alps,’ as they have been called, the 
highest peaks of which are nearly 0,000 feet high. Its great 
antiquity w r as inferred from its mineral texture, from the ab- 
sence of fossils, and its passage downwards into talc-schist and 
garnetiferous mica-schist ; these rocks again graduating down- 
wards into gneiss, which is penetrated, at Fomo, by granite 
veins. But the researches of MM. Savi, Boud, Pareto, Guidoni, 
De la Beche, Hoffmann, and Pilla demonstrated that this marble, 
once supposed to be formed before the existence of organic 
beings, is, in fact, an altered limestone of the Oolitic period, and 
the underlying crystalline schists are secondary or Mesozoic sand- 
stones and shales, modified by plutonic action. In order to 
establish these conclusions it was first pointed out, that the 
calcareous rocks bordering the Gulf of Spezzia, and abounding in 
Oolitic fossils, assume a texture like that of Carrara marble, 
in proportion as they are more and more invaded by certain 

* D D 
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trappean and plutonic rocks, such as diorite, serpentine, and 
granite, occurring in the same country. 

It was then observed that, in places where the secondary for- 
mations are unaltered, the uppermost consist of common Apen- 
nine limestone with nodules of flint, below which are shales, 
and at the base of all, argillaceous and siliceous sandstones. In 
the limestone, fossils are frequent, but very rare in the under- 
lying shale and sandstone. Then a gradation was traced laterally 
from these rocks into another and corresponding series, which 
is completely metamorphic ; for at the top of this we find a 
white granular marble, wholly devoid of fossils, and altnost 
without stratification, in which there ate no nodules of flint, 
but in its place siliceous matter disseminated through the mass 
in the form of prisms of quartz. Below this, and in place of 
the shales, are talc-schists, jasper, and homstone ; and at the 
bottom, instead of the siliceous and argillaceous sandstones, are 
quartzite and gneiss. 1 Had these secondary strata of the Apen- 
nines undergone universally as great an amount of transmutation, 
it would have been impossible to form a conjecture respecting 
their true age ; and then, according to the method of classi- 
fication adopted by the earlier geologists, they would have 
ranked as primary rocks. In that case the date of their origin 
would have been tin-own back to an era antecedent to the de- 
position of all fossiliferous strata, although in reality they were 
formed in the Oolitic period, and altered at some subsequent 
and perhaps much later epoch. 

Mietamorplilc strata of older date than tlie Silurian and 
Cambrian Rocks. — It was remarked, fig. G26, p. 567, that as the 
liypogene rocks, both stratified and unstratified, crystallise 
originally at a certain depth beneath the surface, they must 
always, before they are upraised and exposed at the surface, be 
of considerable antiquity, relatively to a large portion of the 
fossiliferous and volcanic rocks. They may be forming at all 
periods ; but befere any of them can become visible, they must 
be raised above the level of the sea, and some of the rocks 
which previously concealed them must have been removed by 
denudation. 

In Canada, as we have seen (p. 491), the Lower Laurentian 
gneiss, quartzite, and limestone may be regarded as metamor- 
phic, because among other reasons organic remains (JEozoon 
Oanadense) have been detected in a part of one of the calcareous 
masses. The Upper Laurentian or Labrador series lies uncon- 

1 See notices of Savi, Hoffmann, p. 317 ; and tom. iii. p. 44 ; also 
and others, referred to by Boud, Bull. Pilla, cited by Murchison, Quart, 
de la Soc. Geol. de France tom. v. Geol. Journ., vol. v. p. 266. 
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formably upon the Lower, and differs from it chiefly in having 
as yet yielded no fossils. It consists of gneiss with Labrador- 
felspar and felstones, in all 10,000 feet tliick, and both its com- 
position and structure lead us to suppose that, like the Lower 
Laurentian, it was originally of sedimentary origin and owes 
its crystalline condition to metamorpliic action. The remote 
date of the period when some of these old Laurentian strata of 
Canada were converted into gneiss, may be inferred from the 
fact that pebbles of that rock are found in the overlying 
Huronian formation, which is probably of Cambrian age 

Cp- 48f *)- 

The oldest stratified rock of Scotland is the hornblendic 
gneiss of Lewis, in the Hebrides, and that of the north-west 
coast of Ross-shire, represented at the base of the section given 
at fig. 82, p. 89. It is the same as that intersected by numerous 
granite veins, which forms the cliffs of Cape Wrath, in Suther- 
landshire (see fig. (>22, p. 5G0), and is conjectured to be of 
Laurentian age. Above it, as shown in the section (fig. 82, p. 
89), lie unconformable beds of a reddish or purplish sandstone 
and conglomerate, nearly horizontal, and between 3,000 and 
4,000 feet thick. In these ancient grits no fossils have been 
found, but they are supposed to be of Cambrian date, for Sir 
It. Murchison found Lower Silurian strata resting unconform - 
ably ux^on them. These strata consist of quartzite with annelid 
burrows already alluded to (p. 89), and limestone in which Mr. 
Charles Peach was the first to find in 1854 three or four sx>ecies 
of Orthoceras , also the genera Cyrtoceras and Lituites , two sx>ecies 
of Murchisonia, a Fleurotomaria , a sx>eeies of Maclnrea, one of 
E'liomphalus , and an Orth is. Several of the sx>ecies are believed 
by Mr. Salter to be identical with Lower Silurian fossils of 
Canada and the United States. 

The discovery of the true age of these fossiliferous rocks was 
one of the most important stex>s made of late years in the pro- 
gress of British Geology, for it led to the unexpected conclusion 
that all the Scotch crystalline strata to the eastward, once 
called primitive, which overlie the limestone and quartzite in 
question, are referable to some part of the Silurian series. 

These Scotch metamorphic strata are of gneiss, mica-schist, 
and clay-slate of vast thickness, and having a strike from north- 
east to south-west almost at right angles to that of the older 
Laurentian gneiss before mentioned. The newer crystalline 
series, comprising the crystalline rocks of Aberdeenshire, Perth- 
shire, and Forfarshire, were inferred by Sir R. Murchison to be 
altered Silurian strata, and his opinion has been since confirmed 
by the observations of three able geologists, MessrB. Ramsay, 

l> n ? 
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Harkness, and Geikie. Tlio newest of the series is a clay-slate, 
on which, along the southern borders of the Grampians, the 
Lower Old Red, containing Cephalaspis Lyclli , Pterygotus Angli- 
cns , and Parka dccipiens , rests unconformably. 

Order of succession in metaznorphic rocks, — There is no 
universal and invariable order of superposition in metamorphic 
rocks, although a particular arrangement may prevail through- 
out countries of great extent, for the same reason that it is 
traceable in those sedimentary formations from which crystalline 
strata are derived. Thus, for example, we have seen that in 
the Apennines, near Carrara, the descending series, where it is 
metamorphic, consists of, 1st, saccharine marble ; 2ndly, tal- 
cose- schist ; and 3rdly, of quartz-rock and gneiss : where 
unaltered, of 1st, fossiliferous limestone ; 2ndly, shale ; and 
3rdly, sandstone. 

But if we investigate different mountain chains, w r e find 
gneiss, mica-scliist, hornblende-schist, chlorite -schist, hypogene 
limestone, and other rocks, succeeding each other, and alternat- 
ing with each other in every possible order. It is, indeed, 
more common to meet with some variety of clay-slate forming 
the uppermost member of a metamorphic series than any other 
rock ; but this fact by no means implies, as some have ima- 
gined, that all clay-slates were formed at the close of an 
imaginary period, when the deposition of the crystalline strata 
gave way to that of ordinary sedimentary deposits. Such clay- 
slates, in fact, are variable in composition, and sometimes 
alternate with fossiliferous strata, so that they may be said to 
belong almost equally to the sedimentary and metamorphic order 
of rocks. It is probable that had they been subjected to more 
intense plutonic action, they would have been transformed into 
hornblende-schist, foliated chlorite-scliist, scaly talcose-schist, 
mica-schist, or other more perfectly crystalline rocks, such as 
are usually associated with gneiss. 

Uniformity of mineral character in Hypogene Mocks. — It is 
true, as Humboldt has happily remarked, that when we pass to 
another hemisphere, we see new forms of animals and plants, 
and even new constellations in the heavens ; but in the rocks 
we still recognise our old acquaintances — the same granite, the 
same gneiss, the same micaceous schist, quartz-rock, and the 
rest. There is certainly a great and striking general resem- 
blance in the principal kinds of hypogene rocks in all countries, 
however different their ages ; but each of them, as we have 
seen, must be regarded as geological families of rocks, and not 
as definite mineral compounds. They are more uniform in 
aspect than sedimentary strata, because these last are often 
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composed of fragments varying greatly in form, size, and colour, 
and contain fossils of different shapes and mineral composition, 
and acquire a variety of tints from the mixture of various kinds 
of sediment. The materials of such strata, if they underwent 
metamorpliism, would be subject to chemical laws, simple 
and uniform in their action, the same in every climate, and 
wholly undisturbed by mechanical and organic causes. It 
would, however, be a great error to assume, as some have 
done, that the liypogene rocks, considered as aggregates of 
simple minerals, are really more homogeneous in their com- 
position than the several members of the sedimentary series ; 
for the proportional quantities of felspar, quartz, mica, horn- 
blende, and other minerals, vary considerably in liypogene rocks 
bearing the same name. 

Supposed Azoic Period. — The total absence of any trace of 
fossils has inclined many geologists to attribute the origin of 
the most ancient strata to an azoic period or one antecedent 
to the existence of organic beings. Admitting, they say, the 
obliteration, in some cases, of fossils by plutonic action, we 
might still expect that traces of them would oftener be found 
in certain ancient sj'stems of slate which can scarcely be said to 
have assumed a crystalline structure. But in urging this argu- 
ment, it seems to have been forgotten that there are stratified 
formations of enormous thickness, and of various ages, some 
of them even of Tertiary date, which we know were formed 
after the earth had become the abode of living creatures, and 
are, nevertheless, in some districts, entirely destitute of all 
vestiges of organic bodies. In some, the traces of fossils may 
have been effaced by water and acids, at many successive 
periods ; indeed, the removal of the calcareous matter of fossil 
shells is proved by the fact of such organic remains being often 
replaced by silex or other minerals, and sometimes by the space 
once occupied by the fossil being left empty or only marked by 
a faint impression. 

In support of this view the fact must be remembered that 
limestones and clays of Lias age and crowded with fossils, 
especially the Grypltsea arevata , are found in the Hebrides 
graduating into rocks which are so altered that not the faintest 
traces of the organic structures can be detected in them. And 
again, while a bed of Metamorpliic Lower Silurian limestone in 
Durness lias yielded (see above, p. 602) to the patient search of 
Mr. Charles Peach at one favourable locality, a number of 
beautiful fossils, exposed upon the weathered surfaces of the 
rock, yet the most careful examination of similar beds of lime- 
stone upon the same geological horizon which has been made by 
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different observers at many other points has not in any single 
instance been rewarded by similar discoveries. 

Those who believed the hypogene rocks to have originated 
antecedently to the creation of organic beings, imputed the ab- 
sence of lime so remarkable in met amorphic strata to the non- 
existence of those mollusca and zoophytes by which shells and 
corals are secreted ; but when we ascribe the crystalline forma- 
tions to plutonic action, it is natural to enquire whether this 
action itself may not tend to expel carbonic acid and lime from 
the materials which it reduces to fusion or semi-fusion. Not 
only carbonate of lime, but also free carbonic acid gas is given 
off plentifully from the soil and crevices of rocks in regions of 
active and spent volcanos, as near Naples and in Auvergne. By 
this process, fossil shells or corals may often lose their carbonic 
acid, and the residual lime may enter into the composition 
of augitc, hornblende, garnet, and other hypogene minerals. 
Although we cannot descend into the subterranean regions 
where volcanic heat is developed, we can observe in regions of 
extinct volcanos, such as Auvergne and Tuscany, hundreds of 
springs, both cold and thermal, flowing out from granite and 
other rocks, and having their waters plentifully charged with 
carbonate of lime. 

If all the calcareous matter transferred in the course of ages 
by these and thousands of other springs from the lower part of 
the earth’s crust to the atmosphere, could be presented to us in 
a solid form, we should find that its volume was comparable to 
that of many a chain of hills. Calcareous matter is poured into 
lakes and the ocean by a thousand springs and rivers ; so that 
part of almost every new calcareous rock chemically precipitated, 
and of many reefs of shelly and coralline stone, must be derived 
from mineral matter subtracted by plutonic agency, and driven 
up by gas and steam from fused and heated rocks in the bowels 
of the earth. 

The scarcity of limestone in many extensive regions of meta- 
morpliic rocks, as in the Eastern and Southern Grampians of 
Scotland, may have been the result of some action of this kind ; 
and if the limestones of the Lower Lauren tian in Canada afford 
a remarkable exception to the general rule, we must not forget 
that it is i>recisely in this most ancient formation that the 
Bozoon Canadcnse has been found. The fact that some distinct 
bands of limestone from 700 to 1,500 feet thick occur here, 
may be connected with the escape from destruction of some few 
traces of organic life, even in a rock in which metam orphic 
action has gone so far as to produce serpentine, augite, and other 
minerals found largely intermixed with the carbonate of lime. 
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CHAPTER XXXVI. 

MINERAL VEINS. 

Different hinds of mineral veins — Ordinary metalliferous veins or lodes— 
Their frequent coincidence with faults — Proofs that they originated in 
fissures in solid rock — Veins shifting other veins — Polishing of their walls 
or * sliekcn-sidcs ’ — Shells and pebbles in lodes — Evidence of the successive 
enlargement and reopening of veins — Examples in Cornwall and in 
Auvergne — Dimensions of veins — Why some alternately swell out and 
contract — Filling of lodes by sublimation from below — Supposed relative 
age of the precious metals — Copper and lead veins in Ireland older than 
Cornish tin — Lead vein in lias, Glamorganshire — Gold in llussia, Cali • 
fornia, and Australia — Origin of mineral veins. 

Th e manner in which metallic substances are distributed through 
the earth’s crust, and more especially the phenomena of those 
more or less connected masses of ore called mineral veins, from 
which the larger part of the precious and other metals used by 
man is obtained, arc subjects of the highest practical import- 
ance to the miner, and of no less theoretical interest to the 
geologist. 

On different kinds of mineral veins. — The mineral veins 
with which we are most familiarly acquainted, arc those of 
quartz and carbonate of lime, which are often observed to form 
lenticular masses of limited extent traversing both hypogene 
strata and fossilifonms rocks. Such veins appear to have once 
been chinks or small cavities, caused, like cracks in clay, by 
the shrinking of the mass, during desiccation, or in passing 
from a higher to a lower temperature. Siliceous, calcareous, 
and occasionally metallic matters have sometimes found their 
way simultaneously into such empty spaces, by infiltration from 
the surrounding rocks. Mixed with hot water and steam, me- 
tallic ores may have permeated the mass until they reached 
those receptacles formed by shrinkage, and thus gave rise to 
that irregular assemblage of veins, called by the Germans a 
‘ stock work,’ in allusion to the different floors on wliich tlio 
mining operations are in such cases carried on. 

The more ordinary or regular veins are usually worked in 
vertical shafts, and have evidently been fissures produced by 
mechanical violence. They traverse all kinds of rocks, both 
hypogene and fossiliferous, and extend downwards to indefinite 
or unknown depths. We may assume that they correspond 
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with such rents as we see caused from time to time by the 
shock of an earthquake. Metalliferous veins, referable to such 
agency, are occasionally a few inches wide, but more commonly 
3 or 4 feet. They hold their course continuously in a certain 
prevailing direction for miles or leagues, passing through rocks 
varying in mineral composition. 

That metalliferous veins were fissures. — As some intel- 
ligent miners, after an attentive study of metalliferous veins, 
have been unable to reconcile many of their characteristics 
with the hypothesis of fissures, I shall begin by stating the evi- 
dence in its favour. The most striking fact perhaps which can 
be adduced in its support is, the coincidence of a considerable 
proportion of mineral veins with faults , or those dislocations of 
rocks which are indisputably due to mechanical force, as above 
explained (p. 04). There are even proofs in almost every 
mining district of a succession of faults, by which the opposite 
walls of rents, now the receptacles of metallic substances, have 
suffered displacement. Thus, for example, suppose a a, fig. 038, 
p. GOD, to be a tin lode in Cornwall, the term lode being applied 
to veins containing metallic ores. This lode, running east and 
west, is a yard wide, and is shifted by .a copper locle (// />), of 
similar width. The first fissure (a a) has been tilled with various 
materials, partly of chemical origin, such as quartz, fluor-spar, 
tinstone, copper-glance, arsenical pyrites, native bismuth, and 
nickeliferous pyrites, and partly of mechanical origin, com- 
prising clay and angular fragments or detritus of the intersected 
rocks. The successive deposits of spars and ores are, in some 
places, parallel to the vertical sides or walls of the vein, being 
divided from each other by alternating layers of clay, or other 
earthy matter. Occasionally, however, the metallic ores are dis- 
seminated in detached masses among the sparry minerals or 
vein-stones. 

It is clear that, after the gradual introduction of the tinstone 
and other substances, the second rent (b b) was produced by 
another fracture accompanied by a displacement of the rocks 
along the plane of b b. This new opening was then filled with 
minerals, some of them resembling those in a a , as fluor-spar 
and quartz ; others different, the copper ore being plentiful, 
and the tin ore wanting or very scarce. We must next suppose 
a third movement to occur, breaking asunder all the rocks along 
the line c c, fig. 639 ; the fissure, in this instance, being only 
6 inches wide, and simply filled with clay, derived, probably, 
from the friction of the walls of the rent, or partly, perhaps, 
washed in from above. This new movement has displaced the 
rock in such a manner as to interrupt the continuity of the 
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copper vein ( b ?>), and, at the same time, to shift or heave 
laterally in the same direction a portion of the tin vein which 
had not previously been broken. 




Vertical sections of the mine of Htiel rcever, Redruth, Cornwall. 

Again, in tig. G40 we sec evidence of a fourth fissure (d </), 
also filled with clay, which has cut through the tin vein (a a), 
and has lifted it slightly upwards towards the south. The 

i> u a 
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various changes here represented are not ideal, but are ex- 
hibited in a section obtained in working an old Cornish mine, 
long since abandoned, in the parish of Redruth, called Hue! 
Peever, and described both by Mr. Williams and Mr. Came. 1 
The principal movement here referred to, or that of c c, fig. 
040, extends through a space of no less than 84 feet ; but in 
this, as in the case of the other three, it will be seen that the 
outline of the country above, d, c, b, a , &c., or the geographical 
features of Cornwall, are not affected by any of the dislocations, 
a powerful denuding force having clearly been exerted subse- 
quently to all the faults. (See above, p. 70.) It is commonly 
said in Cornwall, that there are eight distinct systems of veins, 
which can in like manner be referred to as many successive 
movements or fractures ; and the German miners of the Harfcz 
Mountains speak also of eight systems of veins, referable to as 
many periods. 

Resides the proofs of mechanical action already explained, 
the opposite walls of voins are often beautifully polished, as if 
glazed, and are not unfrcquently striated or scored with parallel 
furrows and ridges, such as would be produced by the continued 
rubbing together of surfaces of unequal hardness. These 
smoothed surfaces resemble the rocky floor over which a glacier 
has passed (see fig., p. 145). They are common even in cases 
where there has been no shift, and occur equally in lion-metal- 
liferous fissures. They are called by miners 4 slick en-sides,’ 
from the German ad did den , to plane, and .suite, side. It is 
supposed that tlie lines of the striie indicate the direction in 
which the rocks were moved. 

In some of the veins in the mountain limestone of Derbyshire, 
containing lead, the vein-stuff, which is nearly compact, is oc- 
casionally traversed by what may be called a vertical crack 
passing down the middle of the vein. The two faces in contact 
are slicken-sidcs, well polished and fluted, and sometimes 
covered by a thin coating of lead-ore. When one side of the 
vein-stuff is removed, the other side cracks, especially if small 
holes be made in it, and fragments fly off with loud explosions, 
and continue to do so for somo days. Tlie miner, availing 
himself of this circumstance, makes with his pick small holes 
about 0 inches apart and 4 inches deep, and on his return in 
a few hours finds every part ready broken to his hand. 2 

That a great many veins communicated originally with the 
surface of the country above, or with tlie bed of the sea, is 

1 Geol. Trans., vol. iv. p. 139; 2 ( -onyb. and Phil. Geol. p. 401 ; 

Trans. Koval Geol. Soc., Cornwall, and Farcy's Derbyshire, p iMo 
vol. ii. p. 00. 
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proved by the occurrence in them of well-rounded pebbles, 
agreeing with those in superficial alluviums, as in Auvergne and 
Saxony. Marine fossil shells also have been found at great 
depths, having probably been engulphed during submarine 
earthquakes. Thus, a gryphrea is stated by M. Yirlet to havo 
been met with in a lead-mine near Semur, in France, and a 
madrepore in a compact vein of cinnabar in Hungary. 1 Mr. 
C. Moore has described lead-veins traversing the carboniferous 
limestone of the south-west of England, which at the time they 
were filled must have certainly been in communication with the 
Liassic sea, for in them have been found at great depths cha- 
racteristic Lias fossils. 2 In Bohemia, similar pebbles have been 
met with at the depth of 180 fathoms, and in Cornwall, Mr. 
Came mentions true pebbles of quartz and slate in a tin lode 
of the Itelistran Mine, at the depth of 600 feet below the surface. 
They were cemented by tinstone and cojiper pyrites, and were 
traced over a space more than 12 feet long and as many wide. 3 
When different sets or systems of veins occur in the samo 
country, those which arc supposed to be of contemporaneous 
origin, and which arc filled with the same kind of metals, often 
maintain a general parallelism of direction. Thus, for example, 
both the tin and copper veins in Cornwall run nearly east and 
west, while the lead-veins run north and south ; but there is 
no general law of direction common to different mining districts. 
The parallelism of the veins is another reason for regarding 
them as ordinary fissures, for we observe that faults and trap 
dikes, admitted by all to be masses of melted matter which 
have filled rents, are often parallel. 

Fracture , reopening, and successive formation of veins. — Assum- 
ing, then, that veins arc simply fissures in which chemical and 
mechanical deposits have accumulated, we may next consider 
the proofs of their having been filled gradually and often during 
successive enlargements. 

Werner observed, in a vein near Gersdorff, in Saxony, no 
less than thirteen beds of different minerals, arranged with the 
utmost regularity on each side of the central layer. This layer 
was formed of two jdates of calcareous spar, which had evidently 
lined the opposite walls of a vertical cavity. The thirteen beds 
followed each other in corresponding order, consisting of fluor- 
spar, heavy spar, galena, &c. In these cases the central mass 
has been last formed, and the two plates which coat the walls 
of the rent on each side are the oldest of all. If they consist of 

1 Fournet, Etudes sur les Depots (1867) p. 440. 

Metalliferes. 3 Carnc, Trans, of Geol. Soc. 

2 Quart. Geol. Journ., vol. xxiii. Cornwall, vol. iii. p. 238. 
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crystalline precipitates, they may be explained by supposing 
the fissure to have remained unaltered in its dimensions, while 
a series of changes occurred in the nature of the solutions which 
rose up from below : but such a mode of deposition, in the case 
of many successive and parallel layers, appears to be excep- 
tional. 

If a veinstone consist of crystalline matter, the points of the 
crystals are always turned inwards, or towards the centre of the 
vein ; in other words, they point in the direction where there 


was space for the development of the crystals. Thus each new 
layer receives the impression of the crystals of the preceding 
layer, and imprints its crystals on the one which follows, until 
at length the whole of the vein is filled : the two layers which 
meet dovetail the points of their crystals the one into the other. 
But in Cornwall, some lodes occur where the vertical plates, or 
combs , as they are there called, exhibit crystals so dovetailed 
as to prove that the same fissure has been often enlarged. Sir 
H. De la Beche gives the following curious and instructive ex- 
ample (fig. 041), from a copper-mine in granite, near lledruth. 1 



Each of the plates or combs 
(a, b , c, ( l , c, f) is double, 
having the points of their 
crystals turned inwards along 
the axis of the comb. The 
sides or Avails (2, 13, 4, 5, and 
0) are parted by a thin co\ T er- 
ing of ochreous clay, so that 
each comb is readily sepa- 
rable from another by a 


Copper lode, near Redruth, enlarged at six moderate bloAV of tile hain- 


succossive periods. mer. The breadth of each 


represents the whole width of the fissure at six successive 
periods, and the outer walls of the vein, where the first narrow 
rent was formed, consisted of the granitic surfaces 1 and 7. 

A somewhat analogous interpretation is applicable to many 
other cases, where clay, sand, or angular detritus alternate 
Avitli ores and veinstones. Thus, we may imagine the sides of 
a fissure to be encrusted with siliceous matter as Yon Bucli 
observed, in Lancerote, the Avails of a volcanic crater formed in 
1731 to be traversed by an open rent in which hot vapours had 
deposited hydrous silica, the incrustation nearly extending 
to the middle. 2 Such a vein may then be filled Avith clay or 
sand, and afterwards reopened, the new rent dividing the 


1 Geol. Hep. on Cornwall, p. 310. 

2 Principles, Index ‘ Lancerote.* 
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argillaceous deposit, and allowing a quantity of rubbish to fall 
down. Various ores and spars may then be precipitated from 
aqueous solutions among the interstices of this heterogeneous 
mass. 

That such changes have repeatedly occurred is demonstrated 
by occasional cross-veins, implying the oblique fracture of 
previously formed chemical and mechanical deposits. Thus, 
for example, M. Foumet, in his description of some mines in 
Auvergne worked under his superintendence, observes that the 
granite of that country was first penetrated by veins of massive 
granite, and then dislocated, so that open rents crossed both the 
granite and the granitic veins. Into such openings, quartz, 
accompanied by iron pyrites and arsenical pyrites, was intro- 
duced. Another convulsion then burst open the rocks along 
the old line of fracture, and the first set of dei>osits was cracked 
and often shattered, so that the new rent was filled, not only 
with angular fragments of the adjoining rocks, but with pieces 
of the older veinstones. Polished and striated surfaces on the 
sides or in the contents of the vein also attest the reality of 
these movements. A newi>eriod of repose then ensued, during 
which various sulphides were introduced, together with quartz 
of the variety known as horn-stone, by which angular fragments 
of the older quartz before mentioned were cemented into a 
breccia. This period was followed by other dilatations of the 
same veins, and the introduction of other sets of mineral 
deposits, as well as of pebbles of the basaltic lavas of Auvergne, 
derived from superficial alluviums, probably of Miocene or even 
older Pliocene date. Such repeated enlargement and reopening 
of veins might have been anticipated, if we adopt the theory of 
fissures, and reflect how few of them have ever been sealed up 
entirely, and that a country with fissures oidy partially filled 
must naturally offer much feebler resistance along the old lines 
of fracture than anywhere else. 

Cause of alternate contraction and swelling of veins.— A 
large proportion of metalliferous veins have their opposite walls 
nearly parallel, and sometimes over a wide extent of country. 
There is a fine example of this in the celebrated vein of Andreas- 
burg in the Hartz, which has been worked for a depth of 500 
yards perpendicularly, and' 200 horizontally, retaining almost 
everywhere a "width of 3 feet. But many lodes in Cornwall and 
elsewhere are extremely variable in size, being 1 or 2 inches in 
one part, and then 8 or 1 0 feet in another, at the distance of a 
few fathoms, and then again narrowing as before. Such alternate 
swelling and contraction is so often characteristic as to require 
explanation. The walls of fissures in general, observes Sir 
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H. De la Beche, are rarely perfect pianos tlirongliout their entire 
course, nor could we well expect them to be so, since they 
commonly pass through rocks of unequal hardness and different 
mineral composition. If, therefore, the opposite sides of such 
irregular fissures slide upon each other, that is to say, if there 
be a fault, as in the case of so many mineral veins, the parallel- 
ism of the opposite walls is at once entirely destroyed, as will 
be readily seen by studying the annexed diagrams. 

Let a b, fig. 642, be a line of fracture traversing a rock, and 


ri-. c,t j. 



let a by fig. 043, represent the same line. Now, if we cut in two 
a piece of paper representing this line, and then move the lower 
portion of this cut paper sideways from a to a', taking care that 
the two pieces of paper still touch each other at the points 1, 2, 
3, 4, 5, we obtain an irregular aperture at c, and isolated cavi- 
ties d d dy and when we compare such figures with nature we 
find that, with certain modifications, they represent the interior 
of faults and mineral veins. If, instead of sliding the cut 
paper to the right hand, we move the lower part towards the 
left, about the same distance that it was previously slid to the 
right, we obtain considerable variation in the cavities so pro- 
duced, two long irregular open spaces, / /, fig. 644, being then 
formed. This will serve to show to what slight 
circumstances considerable variations in the cha- 
racter of the openings between unevenly fractured 
surfaces may be due, such surfaces being moved 
upon each other, so as to have numerous points of 
contact. 

Most lodes arc perpendicular to the horizon, or 
nearly so ; but some of them have a considerable 
inclination or ‘hade,’ as it is termed, the angles of 
dip being very various. The course of a vein is 
frocpiently very straight ; but if tortuous, it is 
found to be choked up with clay, stones, and 
pebbles, at points where it departs most widely from verticality. 
Hence at places, such as a, fig. 645, the miner complains that the 
ores are ‘ nipped/ or greatly reduced in quantity, the space 




cit. xxxvi.] CHEMICAL DEPOSITS IN VEINS. 615 

for their free deposition having been interfered with in con- 
sequence of the preoccupancy of the lode by earthy materials. 
When lodes are many fathoms wide, they arc usually filled for 
the most part with earthy matter, and fragments of rock, 
through which the ores are disseminated. The metallic sub- 
stances frequently coat or encircle detached pieces of rock, 
which our miners call 1 horses ’ or 1 riders. ? That we should find 
some mineral veins which split into branches is also natural, for 
we observe the same in regard to open fissures. 

Cbemical deposits in veins. — If we now turn from the 
mechanical to the chemical agencies which have been instru- 
mental in the production of mineral veins, it may be remarked 
that those parts of fissures which were choked up with the 
ruins of fractured rocks must always have been filled with 
water ; and almost every vein has probably been the channel by 
which hot springs, so common in countries of volcanos and 
earthquakes, have made their way to the surface. For we know 
that the rents in which ores abound extend downwards to vast 
depths, where the temperature of the interior of the earth is 
more elevated. We also know that mineral veins are most me- 
talliferous near the contact of plutonic and stratified formations, 
especially where the former send veins into the latter, a circum- 
stance which indicates an original proximity of veins at their 
inferior extremity to igneous and heated rocks. It is moreover 
acknowledged that even those mineral and thermal springs 
which, in the present state of the globe, are far from volcanos, 
are nevertheless observed to burst out along great lines of up- 
heaval and dislocation of rocks. 1 It is also ascertained that 
among the substances with which hot springs are impregnated, 
such as are volatile also occur in the gaseous emanations of 
volcanos. The whole of these are also among the constituents of 
the minerals most usually found in veins, such as quartz, calc- 
spar, fluor-spar, the metallic sulphides, lieavy-spar, brown-spar, 
and the oxides of iron. I may add that, if veins have been filled 
with gaseous emanations from masses of melted matter, slowly 
cooling in the subterranean regions, the contraction of such 
masses as they pass from a plastic to a solid state would, accord- 
ing to the experiments of Deville on granite (a rock which may 
be taken as a standard), produce a reduction in volume amount- 
ing to 10 per cent. The slow crystallisation, therefore, of such 
plutonic rocks supplies us with a force not only capable of 
rending open the incumbent rocks by causing a failure of sup- 
port, but also of giving rise to faults whenever one portion of 


1 See Dr. Daubcnv’s ‘ Volcanos.’ 
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the earth’s crust subsides slowly while another contiguous to it 
happens to rest on a different foundation, so as to remain un- 
moved. 

Although we are led to infer, from the foregoing reasoning, 
that there has often been an intimate connection between 
metalliferous veins and hot springs holding mineral matter in 
solution, yet we must not on that account expect that the con- 
tents of hot springs and mineral veins would be identical. On 
the contrary, M. E. de Beaumont has judiciously observed that 
we ought to find in veins those substances which, being least 
soluble, arc not discharged by hot springs, — or that class of 
simple and compound bodies which the thermal waters ascend- 
ing from below would first precipitate on the walls of a fissure, 
as soon as their temperature began slightly to diminish. The 
higher they mount towards the surface, the more will they cool 
till they acquire the average temperature of springs, being in 
that case chiefly charged with the most soluble substances, such 
as the alkalis, soda and potash. Those are seldom met with in 
veins, although they enter so largely into the composition of 
granitic rocks . 1 

To a certain extent, therefore, the arrangement and distribu- 
tion of metallic matter in veins may be referred to ordinary 
chemical action, or to those variations in temperature which 
waters holding the ores in solution must undergo as they rise 
upwards from great depths in the earth. But there are other 
phenomena which do not admit of the same simple explanation. 
Thus, for example, in Derbyshire, veins containing ores of lead, 
zinc, and copper, but chiefly lead, traverse alternate beds of 
limestone and basalt. The ore is plentiful where the walls 
of the rent consist of limestone, but is reduced to a mere string 
when they are formed of basalt, or ‘ toad-stone,’ as it is 
called provincially. Not that the original fissure is narrower 
where the basalt occurs, but because more of the space is there 
filled with veinstones, and the waters at such points have not 
parted so freely with their metallic contents. 

‘ Lodes in Cornwall,’ says Mr. Robert W. Fox, 4 are very much 
influenced in their metallic riches by the nature of the rock 
which they traverse, and they often change in this respect very 
suddenly, in passing from one rock to another. Thus many 
lodes which yield abundance of ore in granite, are unprod uctive 
in clay-slate, or killas, and vice versa.’ 

Supposed relative age of tbe different metals. — After duly 
reflecting on the facts above described, we cannot doubt that 


1 Bulletin, iv. i>. 1278. 
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mineral veins, like eruptions of granite or trap, are referable to 
many distinct periods of the earth’s history, although it may be 
more difficult to determine the precise age of veins ; because 
they have often remained open for ages, and because, as we 
have seen, the same fissure, after having been once filled, lias 
frequently been reopened or enlarged. But besides this diver- 
sity of age, it has been supposed by some geologists that certain 
metals have been produced exclusively in earlier, others in more 
modern times, — that tin, for example, is of higher antiquity 
than copper, copper than lead or silver, and all of them more 
ancient than gold. I shall first point out that the facts once 
relied upon in support of some of these views are contradicted 
by later experience, and then consider how far any chronological 
order of arrangement can be recognised in the position of the 
precious and other metals in the earth’s crust. 

In the first place, it is not true that veins in which tin 
abounds are the oldest lodes worked in Great Britain. The 
Government survey of Ireland has demonstrated that in Wex- 
ford, veins of copper and lead (the latter as usual being argen- 
tiferous) are much older than the tin of Cornwall. In each of 
the two countries a very similar series of geological changes has 
occurred at two distinct epochs, — in Wexford, before the De- 
vonian strata were deposited ; in Cornwall, after the carboni- 
ferous epoch. To begin with the Irish mining district : We 
have granite in Wexford, traversed by granite veins, which 
veins also intrude themselves into the Silurian strata, the same 
Silurian rocks as well as the veins having been denuded before 
the Devonian beds were superimposed. Next we find, in the 
same county, that el vans, or straight dikes of porphyritic felsite, 
have cut through the granite and the veins before mentioned, 
but have not penetrated the Devonian rocks. Subsequently to 
these elvans, veins of copper and lead were produced, being of 
a date certainly posterior to the Silurian, and anterior to the 
Devonian ; for they do not enter the latter, and what is still 
more docisive, streaks or layers of derivative copper have been 
found near Wexford in the Devonian, not far from points where 
mines of copper are worked in the Silurian strata. 

Although the precise age of such copper lodes cannot be de- 
fined, we may safely affirm that they were either filled at the 
close of the Silurian or commencement of the Devonian period. 
Besides copper, lead, and silver, there is some gold in these 
ancient or primary metalliferous veins. A few fragments also 
of tin found in Wicklow in the drift are supposed to have been 
v derived from veins of the same age . 1 

1 Sir II. De la Beche, MS. Notes on Irish Survey. 



618 


AGES OF DIFFERENT METALS. [ch. xxxvi. 


Next, if we turn to Cornwall, we find there also the monu- 
ments of a very analogous sequence of events. First the granite 
was formed ; then, about the same period, veins of fine-grained 
granite, often tortuous (see fig. 622, p. 560), penetrating both 
the outer crust of granite and the adjoining Paleozoic fossili- 
ferous rocks, including the coal-measures ; thirdly, el vans, hold- 
ing their course straight through granite, granitic veins, and 
fossiliferous slates ; fourthly, veins of tin also containing copper, 
the first of those eight systems of fissures of different ages 
already alluded to, p. 610. Here, then, the tin lodes are newer 
than the el vans. It has indeed been stated by somo Cornish 
miners that the elvans are in some instances posterior to the 
oldest tin-bearing lodes, but the observations of Sir H. De la 
Bcche during the survey led him to an opposite conclusion, and 
he has shown how the cases referred to in corroboration can be 
otherwise interpreted. 1 We may, therefore, assert that the 
most ancient Cornish lodes are younger than the coal-measures 
of that part of England, and it follows that they arc of a much 
later date than the Irish copper and lead of Wexford and some 
adjoining counties. How much later, it is not so easy to declare, 
although probably they are not newer than the beginning of the 
Permian period, as no tin lodes have been discovered in any red 
sandstone which overlies the coal in the south-west of England. 

There are lead veins in Glamorganshire which enter the lias, 
and others near Frome, in Somersetshire, which have been traced 
into the Inferior Oolite. In Bohemia, the rich veins of silver 
of Joachiinsthal cut through basalt containing olivine, which 
overlies tertiary lignite, in which are leaves of dicotyledonous 
trees. This silver, therefore, is decidedly a tertiary formation. 
In regard to the age of the gold of the Ural Mountains, in 
Russia, which, like that of California, is obtained cliielly from 
auriferous alluvium, it occurs in veins of quartz in the schistoso 
and granitic rocks of that chain, and is supposed by Sir It. Mur- 
chison, MM. Be Verneuil and Keyserling to be newer than the 
hornblendic granite of the Ural — perhaps of tertiary date. They 
observe, that no gold lias yet been found in the Permian con- 
glomerates which lie at the base of the Ural Mountains, although 
large quantities of iron and copper detritus are mixed with the 
pebbles of those Permian strata. Hence it seems that the Ura- 
lian quartz veins, containing gold and platinum, were not 
formed, or certainly not exposed to aqueous denudation, during 
the Permian era. 

In the auriferous alluvium of Russia, California, and Austra- 
lia, the bones of extinct land-quadrupeds have been met with, 
1 Report on Geology of Cornwall, p. 310. 
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those of the mammoth being common in the gravel at the foot 
of the Ural Mountains, while in Australia they consist of huge 
marsupials, some of them of the size of the rhinoceros and allied 
to the living wombat. They belong to the genera Diprotodon 
and Nototherium of Professor Owen. The gold of Northern 
Chili is associated in the mines of Los Homos with copper 
pyrites, in veins traversing the cretaceo-jurassie formations, so 
called because its fossils have the character partly of the creta- 
ceous and partly of the jurassic fauna of Europe. 1 The gold 
found in the United States, in the mountainous parts of Vir- 
ginia, North and South Carolina, and Georgia, occurs in meta- 
morpliic Silurian strata, as well as in auriferous gravel derived 
from the same. In Queensland, according to the researches of 
Mr. Daintree, the auriferous lodes arc entirely confined to those 
districts which are traversed by a series of trap-rocks of peculiar 
character. 2 

Gold has now been detected in almost every kind of rock, in 
slate, quartzite, sandstone, limestone, granite, and serpentine, 
both in veins and in the rocks themselves at short distances 
from the veins. In Australia it has been worked successfully 
not only in alluvium, but in veinstones in the native rock, 
generally consisting of Silurian shales and slates. It has been 
traced on that continent over more than nine degrees of latitude 
(between the parallels of 30° and 39° S.), and over twelve of 
longitude, and yielded in 1853 an annual supply equal, if not 
superior, to that of California ; nor is there any apparent pro- 
spect of this supply diminishing, still less of the exhaustion of 
the gold-fields. 

OrUjin of gold in (California and South America . — In 1804 
Professor Whitney 3 showed that the detrital gold deposits worked 
in California were of fluviatile origin and of two distinct ages : 
the more ancient or Pliocene had been protected by a cover of 
hard lava poured out over it from the volcanos of the higher 
part of the Sierra ; whilst the later or Post-tertiary auriferous 
gravels, formed since the period of greatest volcanic activity 
above alluded to, contained remains of the mastodon and 
elephant, and belong to the epoch of man. He also announced 
that some of the gold veins themselves were probably of creta- 
ceous age, as had been shown to be the case in South America 
by Mr. David Forbes. 4 The last-mentioned mineralogist had 
already in 1861 advanced the opinion that the gold veins in South 
America and many other countries were of two distinct ages, 

1 Darwin’s S. America, p. 209, &c. 3 Amcr. Joura. Scien., Sop. 1 864 . 

2 Quart. Gcol. Journ., vol. xxviii. 4 Quart. Journ. Geol. Soc., vol. 

1872, p. 201. xvii. 1861. 
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and connected with the outbursts of respectively Granitic or 
Dioritic rocks, the former or older being not later than the 
carboniferous, and the latter as recent as the cretaceous period. 

Mr. J. Arthur Phillips stated his belief in 1808 1 that the for- 
mation of recent metalliferous veins is now going on in various 
parts of the Pacific Coast. Thus, for example, there are fissures 
at the foot of the eastern declivity of the Sierra Nevada in the 
State of that name, from which boiling water and steam escape, 
forming siliceous incrustations on the sides of the fissures. In 
one case where the fissure is partially filled up with silica enclos- 
ing iron and copper pyrites, gold is said to have been found in 
the veinstone. Mr. Belt, however, who has lately made a 
special study of auriferous quartz veins in Nicaragua, is of 
opinion that although since the lodes were first filled they have 
been subjected to various chemical and hydrothermal agencies, 
the veins themselves have been originally igneous injections 
similar to the dikes and veins of granite. 

Mr. Belt has also suggested geological reasons for the rich- 
ness of ore near the surface of many gold fields. One thousand 
ounces of gold were obtained from a small patch of ore near 
the surface of the Consuelo lode in Nicaragua ; and at Santo 
Domingo and elsewhere very rich ore was discovered within a 
few fathoms of the surface. When, however, these deposits 
were followed downwards, they invariably got poorer, and at 
one hundred feet from the surface no very rich ore has been met 
with. Below that, when the works are prosecuted still deeper 
there docs not appear to be any further progressive deterioration 
in the value of the ore. The cause, says Mr. Belt, of these 
rich deposits near the surface does not appear to him to be that 
the lodes originally, before they were exposed to denudation, 
contained more gold in their upper portions than below, but to 
be the effect of the gradual denudation and wearing away of the 
surface, causing an accumulation of the loose gold in the upper 
parts of the lodes, derived from parts that originally stood higher, 
and have now been worn away by the action of the elements. 
This accumulation of loose gold near the surface of auriferous 
veins, set at liberty from its matrix by the decomposition of the 
ore, and concentrated by degradation, is probably the reason of 
the great richness of many of what are called the caps of quartz 
veins, that is, the parts next the existing surface, and has also 
perhaps originated the belief that auriferous veins deteriorate 
in value with depth. 2 

It has been remarked by M. De Beaumont, that lead and 

1 Froc. Royal Soc\, 18G8, p. 204. 

2 Belt, Naturalist in Nicaragua, 1874, p. 90. 
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some other metals are found in dikes of basalt as well as in 
mineral veins connected with trap-rock, whereas tin is met 
with in granite and in veins associated with the plutonic 
series. If this rule hold true generally, the geological position 
of tin accessible to the miner will belong, for the most part, 
to rocks older than those bearing lead. The tin veins will 
be of higher relative antiquity for the same reason that the 
4 underlying ’ igneous formations or granites which are visible 
to man are older, on the whole, than the overlying or trappean 
formations. Mr. David Forbes 1 has also found in South America 
and elsewhere, that not only are metallic lodes intimately as- 
sociated with the appearance of eruptive rocks in their vicinity, 
but also that their metallic contents are strongly influenced by 
the nature of the rock so intruded. 

If different sets of fissures, originating simultaneously at dif- 
ferent levels in the earth’s crust, and communicating, some of 
them with volcanic, others with heated plutonic masses, be fllled 
with different metals, it will follow that those formed farthest 
from the surface will usually require the longest time before 
they can be exposed superficially. In order to bring them into 
view, or within reach of the miner, a greater amount of up- 
heaval and denudation must take place in proportion as they have 
lain deeper when first formed and fitted. A considerable series 
of geological revolutions must intervene before any part of the 
fissure, which has been for ages in the proximity of the plutonic 
rocks, so as to receive the gases discharged from it when it was 
cooling, can emerge into the atmosphere. But I need not en- 
large on this subject, as the reader will remember what was 
said in the 30tli, 32nd, and 35th chapters, on the chronology 
of the volcanic and hypogene formations. 


1 Mineralogy of South America, Phil. Mag., vol. xxix. 



TABLE OF BRITISH FOtftfTLR. 

The following tables, which have been drawn up by Mr. Ethe- 
ridge, refer, as will be seen by the title, exclusively to British 
fossils, and this will explain the absence of that portion of the 
Paheozoic series which is alluded to in Chapter XXVII. under 
the title of Laurentian, and in which the Eozoon found in 
Canada is at present the only known organism, and one not yet 
found in Britain. 

The rise, culmination, and decrease of each Order or Family 
are shown by the gradual swelling out and thinning off of the 
black lines, while the survival of certain Orders or Families up 
to the present day is indicated by the reappearance of the black 
line in the Itecent column, even when a gap in the British strata 
(as for example in the Miocene column) makes it appear as if 
such forms had died out. This method of indicating by black 
linos the rise and development of a fossil form was, I believe, first 
introduced by Bronn, adopted by Louis Agassiz, and afterwards 
constantly used by Edward Forbes in his geological lectures. 

The table shows the range of all the chief Classes, Orders, 
and Families. The enumeration of Genera would occupy far 
too much space, although the information would have been 
extremely valuable. 



TABLE OF BRITISH FOSSILS 


ILLUSTRATIVE OF THE SUCCESSIVE APPEARANCE 
AND DEVELOPMENT IN TIME OF THE CHIEF ORDERS, CLASSES. 
OR FAMILIES OF ANIMALS AND PLANTS. 


N.B. — The column headed ‘Recent" indicates the survival of certain classes 
and families (the Marsupialia and Palms, for example) in some portion of the 
globe at the present day, and not exclusively in Britain. 


'Errata. 

The reader is requested to insert ink-lines in the following places in the 
table where the presence of fossil forms has been inadvertently omitted : — 
je G30, line 13, erase Copepoda 

, „ line 14, Phyllopoda occur in Trias, Oolite, and Wcaldcn 

, „ lines 19, 20, 24, Phaoopidao, Cheiruridte, and Calymenidm occur in Devonian (see 

text, p. 446) 

, 632, „ 13, 14, Myriapoda and Insecta should stand under Arachnida ns classes of 
equal value. Insecta occur in Lias, Oolite, and Purbeck, and a fragment of 
a beetle oceurs in the Miocene (see text, pp. 230, 321, 350) 

, „ line 23, Rhynchonellidre occur in Pliocene (see text, p. 175) 

, 634, „ 1, Lingulidee occur in Cretaceous and Pliocene (see text, p. 181) 

, 638, „ 16, Edaphodontidas occur in Oolite 
, „ bottom, erase line against Salmonidee in the Trias 

, 040, line 22, Crossopterygidse are Recent (see text, p. 439) 

, „ lines 5, 23, 24, for Acanthini, Saarodiptermi, and Glyptodiptermi , read Anacanthini, 

Sattrodipterini, and Glyptodiptermi 
, 642, line 11, Dinosauria occur in Cretaceous 
„ „ 13, Pterosauria occur in Wealden 

„ „ 18, insert Order Sircnia (Halitherium) between Marsupialia and Cetacea. It 

occurs in Pliocene and Recent (see text, p. 178) 

„ „ 20, insert Delphinidee under Order Cetacea. They occur in Pliocene and 

Recent 

„ „ 24, Tapiridm occur in the Eocene (see text, p. 248) 

644, „ 3, Suidce occur in Eocene 

„ „ 12, Trichicidaa are Recent 
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TABLE OF BRITISH FOSSILS. 


FAL2EOZOIC 


Classes, Orders, and 
Families 



Kingdom PLANTS. 
Class Cryptooamia. 


| Cellular es. 

Fam. Algra 
j — Characefc 

Vascularcs 
Fam. Equisetnaca; 

— Cal ami tone . 

— Filices 
— Osmund wx; . 

— Lycopodiacea; 

— Si^illuria; 

Class PHANEROGAM 
Sub-class Gymnospermiu. 
Fnm. Cycadaeeie 
— Conifera* 

Sub-class 3lonoeotyledones. 
Fam. Cyperncero . 

— Gramincaj 
— Naiadacem 
— Pandanacca; . 

— Nipacca; 

— Aroide® 

— Palma; 

— Typhacea; 

Sub-class Dicotyledoncs. 
A pet alee. 

Fam. Ceratophyllea; 

— Cupuliferae 




Lias 
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Pliocene 
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TABLE OF BRITISH FOSSILS. 


Classes, Orders, and 

Families 

PALAEOZOIC 

Cambrian 

I Lower Silurian 

1 

Upper Silurian ! 

Devonian 

1 

Carboniferous 

1 

£ 

1 NVESTE 8 RATA. 






] 

Sur-Kingdom Protozoa. 







Class llii izoi’ODAt 







Order Spongida, &c. 4 


mmmm 





— Foraminifera . 4 







Sud-Kingdom Coblenterata. 







Class IIydrozoa. 







Fam. Graptolitidre 

* 


— 




Class Actinozoa. 







Cnrullaria . 







— Talmlata . , 







— liugosa . . . 






' 

— Aporosa » * 

• 

• 


• 

* 

' 

Perforata. 

> 


* 

• 

• 

* 

Sum-Kingdom Annulolda. 







Class Ed! 1 N ODEKM ATA . 



1 




Order Crinoidea 

—A*. 





— Cystoidca . . . 

* 






— Blastoidea . . . j 


. 

• 

• 


— Ophiuroidea 

. Astcroidea ■ • , 

* 

* 

— 1 


- 

• 

Fam. Palcecbinid® 

, 

. 

. 

# 

m 


— Cidaridse * 

. 


. 

« 

. 

. 

— Cassidulidse 

• 

• 

. 

. 

• 

. 

— Echinidae 

• 

• 

• 

1 • 

• 

• 
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Post-Pliocene 


Entomostraca 
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TABLE OF BRITISH FOSSILS. 


PALEOZOIC 


Classes, Oiideus, and 
Families 


Fam. Ananchytida; 

— Spatangidie 
— Galeritidae . 

— Arcliaeocidaridic 
— Marsupitid® 

Sub-Kingdom Annulosa. 

Class Annklida. 

Order Tubicola ( Serpnhe ) 
— Errantia ( Arcnicoltc ) 


("l.aSS CllUSTAC'liA. 

Order Cirri podia, &c. . 
f — Ostracoda . 

— Copcpoda 
— Phvllopoda . 

Mkbostomata. 
— Eurvpterida 
— Xiphosura . 

Group Trilobita. 
Fam. rhacopidjv 
— Cheirurida? . 

— Acidaspida* 

— Cyphnspidte 
— Ilarpedidie 
— Calymenidnc 
— Conoceplialidaj . 
„ — Paradoxidae 




1 



Carboniferous 


Trias 
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Post-Pliocene 



Entomostraca- 

tinued. 
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TABLE OF BfitTISH FOSSILS. 


Classed, Orders, and 
Families 


Earn. Olenidii* 
— Asaphiilii: 
— Brunt eidsc 


FALJEOZOIC 


! 

5 

6 


— Proteideae 
— Trinucleida? 

— AgnostidiC 
Sllb-Class MaLACOSTUACA. 
Order Jsopoda 

— Mncrura . 

— Anomtira 
— Brnchyura 

Class Araoiinida. 

— Myriapoda 

— Insccta 



I 


8ns -K ingdom Mollusca. 
Division Molluscoida. 
Class Poi/vzoa . 

Class Brachiopoda 
Fam. Terebratulida; . 

— Thccididaj . 

— Spiriferidie 

— Orthidie . 

— Rhynchonellidivi 

— Strophomenida' . 

— Productidie 

— Craniada2 . 

• - Diseinida* 



Carboniferous 




TABLE OF BRITISH FOSSILS. 


MESOZOIO 
Oolitic Group j 


CAIN OZOIC 



Post-Pliocene 



Bra- 

Siphonida Asiphonicla chio- 

Q poda 
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TABLE OF BRITISH FOSSILS. 


PALEOZOIC 


Classes, Orders, axd 
Families 


Fam. Lingulidse 
— Calceulidjc . 



SS LamKLLI MtANCIIIATA . 

r Fam. Ostrcitla 1 . 

— AviculiditJ 
— Mytillidrc 
— Arcadsc 
— Trigoniadie 
— Unionidiu 
— Limidnc . 

„ — Fectinidii; 
rFam. Chamida'. 

— Cardiiduj 
— Lucinida* . 

— Ilippuritidio . 

— Cycladidai 
— CyprinicUn 
— Veneridrc 
— Mactridic 
— Tellinida? . 

— Solenidac 
— Myad;e . 

— Anatinidaj . 

— Gastrocliacnidtc . 
— Pholadidaj . 

— Nuculidic. 

— Cyrenidic 



Carboniferous 


Trias 
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Post-Pliocene 


Inopercu- Nucle^- 

Holostomata Siphon ostomata bran- 

chiata 
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TABLE OF BRITISH FOSSILS. 



Classes, Orders, and 
Families 


Fain. Bcllcrophontida? 
— A tl antidie 


Class Gasteropoda. 


Fam. Strombidse 
— Muricidtc 
— Buccinidas 
- - Conidie 
— Yolutidic 
— Cvprjnidic 



Xaticidie . 

PyramidellidaJ 

Cerithia<he 

Melania (lit* 

TurritelidiV 

Littorinidaj . 

Pnludinid* 

Ncritidrc 

Turbinidic 

Haliotida' 

Fissurellidse 

Calyptrcuhr . 

Patellidix? . 

Cliitonidrc 

Dentnliada*. 


/ — Helicidrt* 

■j — Limnaeidae 
V — • Auriculidae . 




Carboniferous 



Lias 
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MESOZOIO 


Post-Pliocene 
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TABLE OF BRITISH FOSSILS. 


PALAEOZOIC 


C lapses, Orders, and 
Families 


Tectibran- ( Fam - Tonmteffid® 
chiata { _ jlallidjc 

Class Pteropopa. 

Fam. Ilylcidsu . 

Class Cephalopoda. 
f Fam.Tcuthidjc 


Dibrandiiata 


Tetrabran- 

chiata 


— Bolemnitida; 

— Scpiadac 

— Xaufcilida? . 

— Ortboreratida? 

— Ammonitidar 


Class Pisces. 

Order El asmorr a xci hi. 
Sub-Order Hohcephali. 
Fam. Edaphodontidje . . 

Sub-Order Plagiostom. 
Fam. Cestraphori 

— Squalidai (Selacbii) 

— Raidas . 

Order Teleostki. 
Sub-Order A. Malacoptcri. 
Fam. Silurida' . 

— Cyprinidie 
— Characini . 

— Salmonidte 


Carboniferous 



Lias 
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MESOZOIC 

CAINOZOIO 

Lias 

Oolitic Croup ' Cl ^ 

« ; | 

| . I . 5 

i 8 ; & i £ 

Creta- *3 | 

ceous ® 

Eocene 

1 

8 

£ 

Pliocene 

Post-Pliocene 


Post-Pliocene 
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TABLE OF BRITISH FOSSILS. 





PALAEOZOIC 


Classes, Orders, and 

Families 

— 

Cambrian 

Lower Silurian 

Upper Silurian 

Devonian 

Carboniferous 

Permian 

Fam. Scopellidai . . . 



, 

, 


, 

— Esocidie 





. 


— Clupeidai . . . 



. 

. 

. 


— Munenidie 





. 

. 

Sub-Order B. Acunthini. 







Ftim. Gadidae . . . 



. 


- 

. 

Sub-Order C. Acanthoptcri. 







Fam. Percidie 



. 

. 

. 


— Mugilidm . . . 



. 

# 


• | 

— Scomberidie 



. 

, 

. 


— Squammipennes - 



. 

, 

, 

i 

— Lopliiidaj 



. 

. 


. 

Sub-Order D. Pharyngognatlii. 







Fam. Scomberesoeidie . 



. 


. 

. 

Order Gaxoidkt. 







Sub-Order Lepldostcidw ( Sauroidei ) 







Fam. Chondrosteidie 

— Cephalaspidic 

— Placodermi 

— Acautliodidic 

— Pycnodontidw . 

— Crossopterigidw . . . 

— Saurodiptermi . . . j 

— Glyptodiptermi . . | 

— Olacanthini . . . | 

— Plianeropleurim . . . i 

— Ctenodiptcrini . 

I 

j . 




h— 

i 
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MESOZOIC 


Oolitic Group 


Cretaceous 

Group 


CAINOZOIC 



Post-Pliocene 
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TABLE OF BRITISH FOSSILS. 


Clashes, Orders, and 

F AMITIES 

Order Dipnoi. 
Fam. Si re ni da? (Cera tod nx) 

Class Amphibia. 
Order Laryrintiiopoxtia 

Class Beptilia. 
Order Laccrtilia . 

— Crocodilia 
— Ichythoptcrygia . 

— Sauropterygia 
— Anomodontia 
— Deinosnuria . 

— Chelonia . 

— Pterosauria . 

— Ophidia . 

Class Aves 

Class Mammalia. 
Order Maksupialia 

Order Cki ac i.a. 

F am. Balrcnidaj 
— Ehynchocicti 

Order Ungulata. 
Sec. A. Pcrixsodacfi/Ia. 
Fam. Rhinoceridtc . 

I — Tnpiridic . 

I — Palieotlieridie . 
j — Equidae 



! Carboniferous 



Lias 
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Recent 



344 TABLE OF BRITISH FOSSILS. 




PALAEOZOIC 


Clashes, Orders, and 

Families 

Cambrian 

Lower Silurian 

Upper Silurian 

Devonian 

Carboniferous 

Permian 

Sec. B. Artiodacti/lu. 







Fain. llippopotamidic • 




* 


• 

— Suidic . . . 







— Anoplotheridai 







— Corvidae . 







— Bovidfe 







Order Proroscihea. 







Fam. Elepliantidie 







Order Carnivora. 

Sec. 1. Pinnigrada. 







Fam. Pliocidm 





• 


— Trichicidfc. 







»Scc. 2. Plantigrada. 







Fam. Ursidir. , 







Sec. 3. Dfgitigmda. 







Fam. Mu.stcllida; 







— IIya?nidic 




- 

• 


— ('anidtu . . . 







— Felidae .... 







Order Rodextia. 







i Fam. Leporidnj . . . 







' — Castoridre 

i 


, . 



• 


j — Muridic . . . 



• 1 




, Order Cheiroptera. 







j Fam. Vespertilionidas 







— Rhinolopliidne 







i Order Inhectivora. 







' Fam. Talpidie • . 

. 


. 

• 



— Soricidae . . . 

• 

1 • 

• 


• 
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MESOZOIC 


Oolitic Group 


Cretaceous 

Grout) 


CAINOZOIC 



Post Pliocene 




INDEX. 


The Fossils, the names of which are printed in Italics, are figured in the Text. 


AHIJEVILLE 

ABBEVILLE, flint tool, figure of, 130 
Abieh, M., on trachytic rocks, 503 
4 cer trilobatum, Miocene, 202, 203 
Acid rocks, term explained, 497 
4 c rod u s nobilis , Lias , 340 
Aeroguns, term explained, 287 

coal period an ape of, 413 

1 rrolepis Sedgrcickii , Permian, 380 
Actoeon aenlus, Great Oolite , 332 
A ctiuoe.yelus in Atlantic mud , 271 
Aetinoiite, 498, 501 

schist, 578 

ffichmodus Leachii , Lias, 345 
Adiantites JJibernica , Old lied, 437 
Agassiz on fish of Sheppey, 250 

on fisli of the Brown-Coal, 541 

on fish of Moute Bolca, 543 

on living Yolnta, 177 

on fish of the Lias, 345 

on heterocorcal fish-tails, 370 

on Old Bed fossil fish, 438, 443 

on Silurian fish, 544 

Age of metaniorphie rocks, 599 

of Platonic rocks, 505 

of strata, tests of, 100 

of volcanic rocks, 520 

Agglomerate described, 508 
Agnostus integer. A. Hex, 487 
Air-breathers of the coal, 406 
Airdrie, glacial shells of, 150 
Aix-la-Cliapelle, Cretaceous flora of, 205, 
285 

Alnbastcr defined, 14 

41berti on Keupcr, 305 

Mbien of French, Cretaceous series, 200 

Albite, 498, 600 

Aldeby and Chillesford beds, 172 
Alkali, present in the Palaeozoic strata, 687 
Alleghany Mts., thickness of Palaeozoic 
rocks in, 87 

bituminous coal of, 395 

Alpine blocks on the dura, 147 
Alps, age of metamorphio rocks in, 001 

nummulitic limestone and flysch of, 

260 

Alum schists of Norway and Sweden, 488 
Alluvial deposits, Recent and Pleistocene, 
128 


ANDIiKASnmtO 

Alluvium, term explained, 70 
in Auvergne, 77 

Alternations of marine and freshwater 
strata, 49 

Alum Bay beds, plants of the, 245 
Amblyrliynchus cristatus, a living marine 
saurian, 349 

America, North, Glacial formations of, 1G2 

S., gradual rise of land in, 49 

Silurian strata of, 477 

We United States, Canada, Nova 

Scotia 

American character of Swiss Lower 
Miocene flora, 222 

American coal-measures, footprints in, 400 
Amici, Prof., on Chara, 34 
Amiens, flint tools of, 129 
Ammonites of the Gault, 285 
Ammonites bifrons , Lias, 343 

livaikeuridgii, Oolite , 33S 

Jlnrkfandi, Lias, 313 

Dcshayesii, Neocomian, 296 

Jhnnphresianns, lnj\ oolite , 338 

Jason, Oxford Gian, 327 

Noricus, Kpeeton, 297 

macrocephalus. Oolite, 338 

■ mar gar Hat ns. Lias, 344 

piano rbis. Lias , 343 

Jl/wtomagensis , Chalk marl, 282 

Amphibia, Carboniferous, 397 
Amphibolc group of minerals, 498, 501 
Amphistegina Hauerina, Vienna badn, 208 
A mph it fieri urn firoderipii, in Worn s field, 335 

Prerostii, Wanes field slate, 334 

Ampullaria g/auca , 32 
Amygdaloid, 506 
Analchne, 499 

Anamesite, a variety of basalt, 501 
Arianchytes oratus. White chalk, 276 

with crania attached, 25 

Ancillaria subulala. Eocene, 33 
Ancyloeeras gigas, 293 

spinigerutn, Gault, 284 

Duval! ei, Neoeomian, 296 

Ancylus velletia ( A . elegans), 31 
Aiuialusite, 499 

Andes. Plutonic rocks of the, 570 
Andreasburg, metalliferous vein of, C13 
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INDEX. 


ANGELIN 

Angelin, on Cambrian of Sweden, 488 
Angiosperms, 287 

Anglesea, dike cutting through shale i n, 514 
Annulai'ia sphenophylloides, coal, 419 
Anodonta Cordierii, 80 

Jukesii, Upper Old Hed, 48C 

latimarginata, 30 

Anoplotherium commune , Bins lead, 237 

gracile , Pans basin , 266 

Anorthite, 498, 600 
Antholithes , coal-measures, 423 
Anthophyllum lineatum , 211 
Anthracite, conversion of coal into, 394 
Anticlinal and synclinal curves, 61, 62 
Antrim, Chalk altered by a dike in, 615 

Lower Miocene, volcanic rocks of, 

539 

Potstones in chalk of, 275 

Antwerp Crag, 180 

Apateon pedestris, a carboniferous reptile, 
897 

Apatite, 499 

Apennines, Northern, metamorphio rocks 
of, 601 

Apes, fossil of the Upper Miocene, 196 
Apiocrinites ro fundus, Bradford , 329 
Apiocrinus with serpuhr attached , 330 
Aporrluvis Sowertnji, Thanet Sands, 253 
Appalachians, long lines of flexures in, 69, 
70 

vast thickness of successive strata in, 

87 

Aptychus, part of ammonite, 323 
Aqueous rocks defined, 3-11 

tests of different ages of, 1 00-107 

Araucaria sphonrocarpa, Inf. Oolite, 836 
Arbroath, section of Old lied at, 61 

paving-stone, 439, 442 

Archaeopteryx macrura, Solenhofen, 325 
Archegosaurus minor and A. medius, coal- 
measures, 398 

Archiac, M. d’, on niunmulites, 259 

on chalk of France, 289 

Arctic Miocene Flora, 222 

Cretaceous Flora, 305 

Arctocyon primsevus in Eocene of France, 
260 

Area of the Wealden, 304 
Areas, permanence of continental, 94 
Arenaceous rocks described, 11 
Arenioolites in Queenaig Palaeozoic strata, 
89 

Arenicolites linearis, Arenig bods, 474 
Arenig or SLi per- Stones group, 474 

volcanic formations of, 550 

Argile plastique, 269 
Argillaceous rocks described, 1 2 
Argillite, Argillaceous schist, 579 
Argyll, Duke of, on Isle of Mull leaf beds. 
230 

on Miocene lavas, 525 

Armagh, l>one beds in Mountain Lime- 
stone at, 432 

Arran, amygdaloid filled with spar near, 
618 

erect trees in volcanic ash of, 547 

Greenstone dike in, 613 

Arthur's Seat, trap rocks of, 546 
Arvicola , tooth of, 143 
Asaphus caudalus, Silurian, 464 


BALISTIDJE 

Asaphus tyrannus, A. Buchii, 473 
Ascension, lamination of volcanic rocks 
in, 696 

Aab, Mr., on fossils of Tremadoc beds, 
482 

Ash burn ham beds, 300 
Ashby -de-la-Zouch, fault in coal-field of, 
68 

Ashdown Sand, 300 
Aspidura loricata, Muschelkalk, 369 
Astarte borealis (—A. arctica=A. com - 
pressa ), 156 

Omalii, Crag, 180 

Asterophy llites foliosus, Coal, 418 
Astrangia lineata (Anthophyllum lineatum), 
211 

Astraea basaltiforme. Carboniferous, 427 
Astropecten crispatus, London clay, 250 
Atanekerdlnk, Miocene Flora of, 223 
Atherfield clay, 293 
Atlantic mud, composition of, 271 
Aturia ziczac ( Nautilus ziczac), 249 
Ati'ypa reticularis, Aymestry, 459 
Augite, 498, 501 
Auricula, recent, 31 
Anst, Ithfetic beds of, 355 
Austen, Mr. Godwin, on marine deposit of 
Selsea Bill, 161 

on Neocomian, 294 

on boulders in chalk, 276 

Australian cave breccias, 1 36 
Australia, auriferous gravel of, 617 

extinct marsupials of, 136 

Auvergne, alluvium in, 77 

chain of extinct, volcanos in, 495 

freshwater strata of, 29 

granite veins in, 613 

Lower Miocene of, 215 

Miocene volcanic rocks of, 541 

Pleistocene volcanic eruptions in, 527 

springs from spent volcanos, 586, 606 

Avcline, Mr., on Tarannon shales, 466 
A vicula contorta, Jlhwfic beds, 354 

cygnipes, Lias, 342 

ina-quivalvis, Lias, 342 

socialis , Muschelkalk , 369 

Ariculopecten papyi'aceus, coal-measures, 
396 

sublobatvs, mountain limestone, 429 

Axinus an {minium, 250 
Ayrnard, M., on mammalia of the 
Limagne, 217 
Aymestry Limestone, 459 
Azoic period, supposed, 605 
Azores, Miocene lavas with shells, 639 


BACILLARIA paradoxa, 27 
Baculites anceps. Lower Chalk, 281 

Favjasii, chalk, 269 

Baffin’s Bay, Icebergs carrying blocks in, 
150 

Bagshot Sands, 235, 243, 245 
Bahr Assal, salt lake, 364 
Bake, Bay of, subterranean igneous action 
in, 626, 570 

Bakewcll, Mr., on cleavage in Swiss Alps, 
091 

Bala and Caradoc beds, 468 
Balistidoe , defensive spine of, 244 
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BANG 01? 

Bangor, or Longmynd group, 485 
Banksia, fruit and leaf of , Miocene, 221 
Barmouth sandstones, 487 
Barnes, Mr. J., on insects in American 
coal, 408 

Barnstaple, Upper Devonian of, 440 
Barrande, M. Joachim, his ‘ Primordial 
Zone,’ 481, 484 

on metamorphosis of trilobites, 400 

on Silurian fossils of Bohemia, 400 

Barrett, Mr., on bird in Coprolite bed, 
283 

Barton series, percentage of shells common 
to London clay, 241 
Basalt, columnar, 511 

composition of, 503 

Basaltic rocks, poor in silica, 407, 503 

specific gravity of minerals in, 503 

Basic rocks, term explained, 407 
liasilosaurus, Eocene, United States, 203 
Basle, Loess of, 1 33 
Basset, term explained, 00 
Basterot, M. de, on Bordeaux tertiary 
strata, 118 

Bateman, Mr., on drift shells near Man- 
chester, 101 

Bates, Mr., on banks of dead insects, 200 
Bath Oolite, 328 

Bathybius, fossils of the chalk, 271 
Buy of Fundy, denudation in coal-field in, 
411 

Bean, Mr., on Yorkshire Oolite, 337 
Bear Island, carboniferous flora, 437 
Beaumont, M. E. do, on island in Creta- 
ceous sea, 289 

on mineral veins, C16 

on Jurassic plutonio rocks, 572 

on formation of granite, 554 

Beetles, Mr. S. H., on footprints in Weald 
Clay, 300, 31G 

on Mammalia of Pmbeek, 312, 314 

Jlelemnitetla mucronata, chalk , 206 
Belemnites hast at us, Oxford clay, 327 

Puzosianus , Oxford clay, 327 

Belgium , Miocene, of, 206, 224 
Itellerophon costatus, Mountain Limestone, 
430 

Bdosepia sepioidea , Sheppey, 249 
Belt, Mr., on subdivision of Lingula Flags, 
483 

on cause of rich cappings in gold 

veins, 620 

on origin of gold veins, 620 

on classification of Menevian, 484 

Bcmbridgc beds, Yarmouth, 235 
Berger, Dr., on rocks altered by dikes, 515 
Berlin, Miocene strata near, 225 
Bernese Alps, gneiss in the, 601 
Berthier on isomorphism, 502 
Bertrich- Baden, columnar basalt of, 511 
Better-bed coal, section of, 404 
Beyrich on term Oligocene for Lower 
Miocene, 227 

on transition Miocene beds, 227 

Bilin, tripoli of, 27 
Billings, Mr., on trilobites, 470 
Bingen, Loess of, 133 

Binney, Mr., on Sigillariae in volcanic ash, 
547 ’ 

on Permian footprints, 381 


BRONGNTAIIT 

Binney, Mr., on Stigmaria, the root of 
gillaria, 420 
Biotite, 498, 501 
Bird in urgile plostiquo, 260 

footprints in Trias of Connecticut, 

371 

in Coprolite bed of Chloritic series, 283 

Birds of Paris basin, 254 
Bisohoff, Professor, on Nile and Rhino 
mud, 131 

on conversion of coal iuto anthracite , 

394 

on hydrothermal action, 587 

Blaekdown beds, 285 

Blaekheath, London clay under marine 
beds at, 252 

Blaeklead of Borrowdale, 42 
Blocks, Alpine, on the Jura, 147 
Bouse, on composition of clay, 12 
Bog-iron-ore, 28 

Bohemia, Cambrian rocks of, 487 

Silurian rocks of, 469,477 

silver veins in, 618 

Boldcrherg, in Belgium, Miocene of, 206 
Bone-bed of fish remains, Armagh and 
Bristol, 431, 432 

of Upper Ludlow, 456 

of the Trias, 307 

Boom, Lower Miocene of, 224 
Bordeaux, Upper Miocene of, 195 
Borrowdale, blaeklead of, 42 
Bosquet, M., on Macstricht beds, 267 
Botanical nomenclature, 287 
Boucher de Perthes on Abbeville alluvium, 
129 

Boulder-clay, 141 
Boulder-clay of Canada, 3 62 
fauna of, 156 

Boulders and pebbles in olialk, 275 
Bournemouth beds (Lower Bagshot), 245 
Bovey Traeey, lignites aud clays of, 229 
Bower bank, Mr., on fossil fruits of 
Sheppey, 248 

Bowman, Mr., on uniting of distinct coal- 
seams, 392 

Brachiopoda, prcpondciancc of, in older 
rocks, 468 

mode of recognising shells of, 469 

of the White Chalk, 278 

Brachiopods, Silurian period, the age of, 479 
Bracklesham beds and Bagshot Sands, 243 
Bradford Encrinites, 330 
Breccia described, 12 
Breccias of Lower Permian, 381 
Brick-earth or fluviatile loam, 130 
Bridlington drift, 169 
Bristol, dolomitic conglomerate of, 361 

carboniferous bone- bed near, 432 

Bristow, Mr., on volcanic minerals, 499 
Brixham cave near Torquay, 135 
Brocchi on Italian tertiary strata, 118 

on subapenninc strata, 1 90 

Brockcnhurst, corals and shells of, 240 
Broderip, Mr., on Stoncsfield Mammulia, 
335 

Brodie, Rev. P. B., on Lias insects, 350 
Brodie, Mr. W. R., on Purbeck mammalia, 
312 

Brongniart, M. Adolphe, on botanical no* 
menclature, 287 
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BRONGNlA-IiT 

Brongniart, M. Adolphe, on Lias plants, 351 

on flora of the Buntor, 370 

on flora of the coal, 413, 419 

on fruit of Lepidodendron, 417 

M. Alex., on Tertiary series, 118 

Bronfens flnhetlifer, Devonian, 1 19 
"Bronze weapons of lakc-d well ii igs, 125 
Bronzitc, 498, 501 

Brora, oolitio coal formation of, 537 
IB-own, Mr. Richard, on Stigmaria, 420 

on carboniferous rainprints, 410 

— — Robert, on Eocene protouceous fruit, 
248 

Rev. T., on marine, shells in Scotch 

drift, 157 

Brown-coal of Germany, 540 
Bryce, Mr., on Scotch till, 150 
Bryozoa of Mountain Limestone, 427 
— — and polyzoa, terms explained, 178 

of the white chalk, 279 

Buelx, Yon. Nee Von Bueh, 

Buckland, Dr„ on Kirkdale cave, 135 

on violent death of sauriaus, 349 

on spines of fish, 317 

on Eocene oysters, 251 

on potstones in clialk, 275 

on chalk coprolitcs, 281 

on preservation of lower jaws, 814 

Buckley, Dr., on Alabama Zeuglodou, 203 
Buddie, Mr., on creeps in coal-mines, 55 
Bulimia i eltipticus , Bembridge, 230 

lubrivus, Loess, 32 

Bullock, Cupt., R.N., on Atlantic mud, 
271 

Bunbury, .Sir C., on lcaf-bol of Madeira, 
033 

on ferns of the Maryland coal, 411 

Hunter of Germany, 370 

or Lower Trias of England, 300 

B up rest is ? Elytron of, Stones field, 383 
Burmeister on trilobites, 409 


CAINOZOIC, terra defined, 100 
Caithness, fish-beds of, 488 
Catamite, rout of, 418 

Catamites Sueowii, coal, and restored stem, 

417 

Calamophyllia radiata, Bath Oolite, 329 
Calcaire do la Bcauec, age of the, 213 

grassier, fossils of the, 257 

silieeux of France, 257 

Calcareous matter poured out by springs, 
600 

rocks dosoriljod, 12 

nodules in Lias, 40 

Calea rina rarispina, Eocene, 258 
Cdleeold mnddltna, Devonian, 449 
Calceola schiofer of Germany, 450 
California, auriferous gravel of, 018 
Calymene Blumcnbachii, Silurian, 404 
Cambrian Group, classification of the, 480 
Cambrian, Upper, 481 
Lower, 484 

of Sweden nnd Norway, 4S8 

strata of Bohemia, 487 

metamorphic rocks, 602 

of North America, 489 

volcanic rocks, 550 

Campophyllum Jlexuosum, 426 


CELT 

i Canada, Cambrian of, 489 

! Devonian of, 457 

j Devonian, insects of, 453 

I Trap rocks of, 550 

! metamorphic rocks of, 602 

! Canadian drift, 162 
i Canary, Grand, shelly tuffs of, 538 

| . Islands, lnterite of, 509 

! Caiiful. Lower Miocene of the, 214 
j Canhani, Rev. Jl.. cited, 178 
j Cape Breton, rainprints in coal-measures 
! of, 409 

I of Good Hope, granite veins at, 560 

■ Wrath, granite veins in gneiss at, 

j 560 

; Caradoc and Bala beds, 468 
Carbonate of lime in rocks, how tested, 13 
Carboniferous Group, subdivisions of, 385 

flora, 413-425 

limestone, thickness of, 386 

marine fauna of the, 425 

Period, trap rocks of, 546 

plutonic rocks, 573 

j amphibia, 897 

i nsects, 896 

strata, folding and denudation of, 410 

corals, 425 

Curchdrodon angustidens, Braeklesham, 215 
Cardiganshire, section of slaty cleavage in, 

! 590 

Cardiocarpon Ottonis, Permian , 383 
Li mil /pi, 423 

Cnrditn ( Venericardiu) planicosta , 243 

sulcata. Barton, 242 

Card lain dissimile, Portland Ntone, 822 

rhevtieum, Jlhcetie Beds, 354 

striatnlum , Kitnmeridge clay, 322 

Game, Mr. N., on Cornish lodes, 610 
Carpathians, nummulitic lirncstono of, 
261 

Carpenter, Dr., on Atlantic mud, 271 

i on Eozoon Canadense, 491 

i on Orbitoides, 262 

Carrara, marble of, 601 
Carruthers, Mr., on Eocene proteaccous 
fruit, 248 

on Cardiocarpon, 423 

on cycads of the Purbeok, 318 

on leaves of ealamite, 419 

on spores in coal, 405 

on spores of carboniferous Lycopo- 

diaceaj, 415 

on structure of sigillaria, 420 

on trees in volcanic ash, 547 

Cashmere, recent formations in, 123 
Caspian Sea, stunted fauna of, 435 
Cassian, St., Triassic strata of, 366 
Castrogiovanni, curved strata near, 63 
Catania, laterite formed in, 609 

Tertiary beds in, 187 

Catillus Lamarekii , White Chalk, 278 
Caucasus, absence of lakes in the, 167 
Caulopteris primeem , coal, 414 
Cautley, Sir Proby, on fauna of Si will ik 
Hills, 209 

Cave-breccias of Australia, 136 
Cavern deposits, with human and animal 
remains, 133 

Caves of Kirkdale and Brixham, 135 
Celt described and figured, 130 
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CEMENTING 

Cementing of strata, 38 
Cenomunien of French Cretaceous series, 
2gg 

('< ptndaspix Lyelli , Old Bod, 442 
Cera Cites nodosus , M uschelkalk, 369 
Cerithium co/tca rum, Hcadon, 239 

eleyans, Hempstead beds, 228 

( Terebra ) Portia adictnu, 321 

— — plica turn, Hempstead beds, 228 

melanoides , 2.11 

fanatum, 81 

('err as alces, tooth of, 142 
Ct straciou P/iillipjd, Hi cent, 280 
Cetacean of United States, Eocene, 2G3 
Chabasite, 499 

Chalk, composition, extent, and origin of, 
209 

Chalk of Fnxoe, 269 

flints, origin of, 278 

fossils of the White, 270-279 

ieebornc boulders in the, 27a 

of North and South of Europe, 288 

Lower White, without flints, 281 

marl, fossils of the, 281 

Period, popular error concerning, 272 

vitreous sponges of the, 274 

Challenger, H.A1. ship, dredgings by, .139 
Chalkpit with potstones, view of, 274 
C/nvna squamosa , Barton, 241 
Cliampoleon, junction of granite with Ju- 
rassic strata near, .172 
C/iara elastica, C. medicayinula, 34 

tuberc.ulata , Bemlmidye, 236 

( 'harpentier, M., on Alpine glaciers, 148 

on depression of Alps in Glacial 

Period, 16.1 

Chatham coal-field, 373 
t'heirotherlum, footprints of, 300 
Cheltenham, Inferior Oolite of, 30G 
Chemical deposits in veins, G15 

mid in elmnioal deposits, 37 

Cheshire, slab of ripple-marked sandstone 
from, 21 

rock-salt of, 3G2 

Chiapa, fall of volcanic dust at, .128 
Chili, copper pyrites with gold in, G19 

walls cracked by earthquake in, G4 

Chichester, erratics near, 161 
Chillesford and Aldcby beds, 172 
C/ii mara monslrosa , Lias, 34G 
Chlorite, 498 
Chlorite-schist, 579 

Cliloritic scries, or Upper Greensand, 282 
Christiania, Euritic porphyry at, 5.12 

granite altering strata in, 582 

granite veins in Silurian strata of, 

573 

quartz vein in gneiss at, 552 

Chronological groups of formations, 10G 
Chronology, test of, in rocks, 98 
Cinder-bed of the Purbeok, 311 
Cinnatnomum polymorphum, Miocene, 201 

Jlossmdssleri, Miocene, 221 

Claiborne beds, Eocene fossils of, 2G2 
Clarke County, United States, Zcuglodon 
of, 2G3 

Classification of Tertiary formations, 1J4 

of rocks, 3 

value of shells in, 119 

ClausULa bidens, Loess, 32 

f : 


CONOCOBYPHE 

| Clay defined, 12 

| iron-st«»nc defined, 895 

1 plastic, 250 

■ slate, .179 

slate, lamination of, 597 

Weald, 298 

Cleavage explained, .101 

: crystalline theory of, 592 

mechanical theory of, .193 

slaty, 589 

sections of, 590, .191 

i Cleidofheca vpercalata , 482 
Clermont, metalliferous gneiss near, 58;; 

. Climate of the crags, 181 

. of the coal, 42.1 

or the Miocene in Arctic regions, 228 

of the Pleistocene period, 138 

Clinkstone, .105 

Clinton group, fossils of the, 478 

( 'I uses, causes of, GO 

Clyde, buried canoes in estuary of, 128 

; arctic marine shells in drifts of, 1,16 

, Clymenia linearis, Devonian, 447 
Clymcuien-Kalk of Germany, 4 17 
Coal, conversion into anthracite of, 391 

a land and swamp formation, 58N 

cause of the purity of, 393 

ferns of the, 411 

conversion of lignite into, 3!) 4 

erect trees in, 401 

period, climate of the, 425 

period, corals of the, 425 

.structure of tin:, 405 

vegetation of the, 413 

air-breathers in the, 100 

amphibians of the, 397 

field of Virginia, 372 

measures of Nova Scotia, 400 

measures, thickness of in Wales, 388 

pipes, danger of, 890 

rain prints in, 4u9 

seams, uniting of, 891 

spores and sporangia of, 40t 

strata, folding and denudation of, 410 

Coalbrook Dale, eoal-plants of, 417 

faults in, GG 

Coccoliths, 271 
Corfdiodus con tortus, 432 
Coekfield Fell rocks, altered by dikes, 51 G 
Cu/lacanthus grannlatus. Pern dan, 880 
Colcoptcra of CEningen beds, 208 
Cottyrites rinyens. Inf. Oolite, 887 
Columnar structure of volcanic roots, 
509 

basalt in the Vicentin, 511 

( \impact felspnr, 500 
Compsognathus in Stonesfield slate, 324 
Concretionary structure, 40 
Condamino, M. de la, cited, 251 
Cone of Tartarct, 527, 512 

of Come, .128 

Cones and craters described, 494 
Cones, absence of, in England, G 
Conformable stratification, 15 
Conglomerate or pudding-stone, 12, 008 

Dolomitic of Bristol, 361 

Coniferm of the coal-measures, 421 
Connecticut Valley, Now Beil Sandstone 
of, 371 

Conoconjphe striata , 487 

2 
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CONBAD 


DAB WIN 


Conrad , Mr . , on age of American cretaceous 
rocks, 291 

Consolidation of strata, 38 
Continental ice of Greenland, 150 
Continents and oceans, permanence of, 01 
Continent, Permian rocks of the, 382 
Contorted strata, in drift, 158 
Cunulus prisms, coal, 408 
Conus deperdilus, Bracklesham, 213 
Conularia omnia , Devonian, 449 
Conybenre and Phillips, on ninety-fathom 
dike, 07 

Conybcare, Mr., on reptiles of the Lias, 347 
Copper lode near Itedrnth, 1*12 
(toprolite lx»d of Chloritio series, 283 

lxxls of Bed and Coralline crags, 177 

Cop rolites of fish, from the chalk , 281 
Corals of tiie Carboniferous, 420 

of the Devonian, 447 

of the Mountain Limestone, 42G 

Miocene of United States, 211 

Neozoic, type of, 420 

Pahvozoic tope of, 420 

( Viral Bag, fossils of the, 525 
Coralline or White Crag, 178 

jierecntuge of extinct species in, 183 

Corbuht pisum, Hempstead beds, 228 
Cordnites of the coal, 404 
Corinth, corrosion of rocks l>y gases near, 
580 

Corn brash or Forest Marble, 328 
Corn stones, 444 

Cornwall, granite veins in, 501 

lodes in, 010 

mass of granite in, 552 

vertical sections of veins in mine, 009 

Cosepnina volcano, burying of organic re- 
mains by, 523 

Cause, B., cutting through lava, 528 
Crag, term defined. 173 
of Antwerp, 185 

fauna of, relation to that of present 

seas, 182 

Norwich, 173 

Coralline or White, 1 78 

Red, 175 

tables of marine testacea in, 183 

deposits, climate of, 181 

Crania attached to a sea- urchin, 25 

Parisiensis, White Chalk , 277 

Crassatella sulcata. Barton, 242 
Craters and cones described, 494 

Theory of Elevation, 495 

Craven fault, 07 

Creeps in coal-mines, 55 

Cretaceous rocks of United States, 290 

Period, error as to continuity of, 272 

flora of the Upper. 285 

volcanic rocks, 545 

plutonic rocks, 572 

Period, distinct mineral character of 

rocks in, 276 

— — rocks, classification of, 205 

strata, connection between Upper and 

Lower, 285 

subdivisions, table of, 260 

Crinoidca of Mountain limestone, 427 
Croatia, Lower Miocene beds of, 220 
Croll, Mr., on amount of subaerial denuda- 
tion, 91 


Cromer forest- bed, 172 

formations succeeding the, 171 

Crop out, term explained, 00 
Crossopterygidic, or fringe-finned fish, 439 
Crowfoot, Mr., on shells of Aldeby beds, 
173 

Crust of the earth defined, 2 
Crustaceans of Old Bed Sandstone, 442 
Cryptodon amjulatum, London Clay, 250 
Crystalline Limestone, 579 

rocks defined, 8 

schists, much alkali in the, 592 

theory of cleavage, 592 

Ouisse-Lamotte, Lits coquilliers of, 259 
Cumberland, Upper Permian of, 370 
Cup and Star corals, 426 
Curved strata, 50-53 
Catch, salt- layers in the Bunn of, 304 
Cuvier, M., on divisions of Paris basin, 
253 

on Mammalia of Paris gypsum, 254 

on Tertiary series, 118 

Cynthocriuus caryocrinvides , 427 

planus, 427 

Cyathophyllnm caespitosum , 448 
Cycads in Arctic Cretaceous Flora, 305 
Cocas circinulis , 318 
Cyclas ( Spharium ) corncus, 30 
Cyclopean Isles, tuff and clay in, 529 

contorted strata in. 531 

Cyclopteris J/ibernicn, Old Bed, 437 
Cyelostoma eleyans, Loess, 32 
Cytind rites acutus. Great Oolite, 332 
Cypress swamps of the Mississippi, 387 
C u prides in the Weald Clay, 300 
Cypridina serrato-siriata, 447 
Cyprina Morrisii, Thanet Sands, 263 
Cypris in freshwater deposits, 33 

yibbosa, C, tubcrculata, C. leguminella, 

310 

striato-punetata, C. fascicnlata, C. 

ft ranulata, 311 

Pnrbeckensis, Cypris punctata, 317 

spimyrra. Weald Clay, 300 

Cyrena ( ( 'orbi ct 11a )fiumi tail is, 30 

flmninalis in tiic Thames gravels, 139 

cunnformis, Woohcich Clays , 25] 

semistriata, Hempstead beds, 228 

Cystidere of Silurian rocks, 469 
( 'yrtoceros pratcox, 482 


PADOXYLON, fragment of coniferous 
wood, 422 

Dana, on supposed legs of trilobitc, 470 

on volcanic minerals, 499 

Danien, of French Cretaceous scries, 266 
Danish kitchen-middens, 128 
Dapedins monilifer, Lias, 345 ' 

Darbishire on shells of Moel Tryfnen, 160 
Dartmoor, post-carboniferous granite of, 
573 

Dartmoor Hill, lignites and clays of, 229 
Darwin, Mr., on foliation and lamination, 
596 

on mammalia of South America, 138 

on marine saurian, 349 

on rise of part of South America, 49 

on sinking of coral reefs, 49 

on plutonic rocks of the Andes, 570 
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DARWIN 

Darwin, Mr., on relationship of extinct to 
living types, 1.‘18 
Dasyurus of Australia, 136 
Dates of discovery of fossil vertebratu, dfll 
Daubeny, Dr., on basalt, 503 

on decomposition of trncliytie rocks, 

580 

Daubree, on formation of zeolites, 521 

on alkaline waters of Plombifires, 585 

Davidson, Mr., on Spiriferinn, 342 
David’s Promontory, Cambrian of, 483 
Davis, Mr. E., on fossils of Lingula Flags, 
483 

Dawkins, Mr. Boyd, on Ilyrcna spelma, 133 

on mammalia of Cromer Forest-bed, 

170 

on Triasslc mammifor, 357 

Dawson, Dr., on Devonian flora afid 
insects, 451—153 

on coal-plants, 417, 418, 420 

on Eozoon Canadense, 451 1 

on Nova Scotia coal-measures, 401 

■ on Nova Scotia coal-pluuts, 418 

on 1‘upa vetusta, 407 

on rain-prints in coal, 410 

on sporangia in coal, 405 

on structure of sigillaria, 420 

on structure of ealamite, 418 

reptiles and shells in Nova Scotia 

coal, 404 

Dux, Tertiary beds of, 118 
Deane, Dr., on footprints in Trias, 372 
Delx^ , Dr., on flora and fauna of Aix, 280 
Decli cn, M. von, on Carboniferous Am- 
phibia, 307 

on organic remains of the brown coal, 

510 

on Cornish granite veins, 501 

De la Beebe, Sir II., on granite of Dart- 
moor, 582 

on Carrara marble, 001 

on mineral veins, 014 

on Redruth copper-mine, 012 

on trap rocks of New Red, 545 

on samians of the Lias, 3451 

on Welsh coal-measures, 388 

Delesse, on action of water in melamor- 
phism, 585 

on porphyry, 506 

on globular basalt, 511 

Deltas, strata accumulated in, 4 
Dendrerpcton in coal, 407 
Denmark, three ages or stone in, 124 

Faxoe chalk of, 2051 

Denudation defined, 73 

snbaerial, 74 

littoral, 7‘1 

submarine, 81 

average annual amount of snbaerial, 

51(1 

of carboniferous strata, 387 

counteracting upheaval, 83-92 

■ a means of exposing crystalline rocks, 

504 

- — trap dykes cut off by, 518 

and volcanic force antagonistic 

powers, 92 

of surface by rivers, 91 

Deposition, raft.of, shown by fossils, 24 
Deposits, mechanical and chemical, 37 


DRIFT 

Depth of the sea compared to height of 
land, 95 

Derbyshire, veins in Mountain Limestone 
of, 610 

Derivative shells of the Crag, 184 
Desnoyers, M., on age of Fuluns, 119 

j ■ on Eocene fossil footprints, 255 

j Desor, M., on Celtic coins in lake-dwell- 
I ings, 120 

; Deville, on contraction of granite, 015 
Devonian Period, Upper, 440; Middle, 447 ; 
Lower, 450 

fossils of the Eifel, 534 

of Russia, 451 

of United States and Canada, 451 

insects of Canada, 453 

strata, classification of, 445 

Devonshire, cleavage of slate rocks in, 5515 
Diabase, 5 57 

Diagonal or cross stratification, 18 
Diagram of intrusive igneous rock, 521 

of l’ossiliferous rocks, 114 

of plntonic and sedimentary forma- 
tions, 508 
Diallage, 45)8, 501 
rock, 558 

Diastopora dilurianct, Hath Oolite, 330 
Diatomaceai, figui’es of, 271 

formiug tripoli, 27 

biceras Lonsdnlii, Neocominn , 294 
bidetphys Azanv, lic.ce nt, .334 
bid tjmog raps us gem intis, 175 
Alurchisoiiii , 472 

Dike cutting through shale, Anglesca, 51 l 

cutting through chalk, Antrim, 515 

in Madeira and Arrau, 513 

ninety- fathom, 07 

Dikes defined, 0 

of Monte Nomina, 520 

in Patagonia, ground plan of, 5511 

volcanic or trap, 51 2-515 

bikelncephulits Minvesolensis , 489 
Diluvium, origin of term, 1 15 
Dimyary mollusea, term explained, 30 
Dinornis Palaptcryx of New Zealand, 138, 
372 

Dinosanrian of Oolite, 324 
binoUicrium gigunteum, 193 
Dioritc, 557 
Diopsidc, 501 

Dip and strike, terms explained, 57 
biplogrttpsus folium , Llandeilo Flags, 472 

p list is, Llandeilo beds, 472 

Dirt-bed of the Purbcck, 317 
Disco Island Flora, 224 
Dogger-bank described, 82, 170 
Dolerite, a variety of basalt, 503 
Dolgelly, Tremudoc beds of, 482 
Dolomite defined, 14 
Dolomitic conglomerate of Bristol, 301 
Dore, Mont, Miocene strata of, 215 
Downs, escarpments of North and South, 
81 

Downton Sandstone, 450 
Dowson, Mr., on shells of Aldcby beds, 173 
Drew, Mr., on Hastings Sands, 300 
Drift of Ireland, 170 

of Norfolk cliffs, 170 

of North America, 162 

of Scandinavia, 154 
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DRIFT 

Drift of Bridlington, 1C9 

carried by icebergs, 151 

shells in Canada, J62 

contorted strata in, 1 58 

marine shells in .Scotch, 156 

Dryopithecus found at St. Gan dens, 10G 
Dudley Limestone, <102 
Trilobitc, 405 

Dull’, Mr. .1., on rerun an repines. 380 
Dutrenoy, M., on granite of P,\ rene; 583 
Dumont) Prof., on Belgian Lower Eocene, 
265 

Duncan, Dr., on Broekcnhur,->t corals. 2-JO 

on Neu/.oio corals passing down to 

Devonian, 420 

Dnndry Hill, near Bristol, section of, 107 
Dunker,Dr., on wcnlden of Germany, 304 
Dura Den, yellow sandstone of, 436 
Dnrdbtim Down, Triassie. saurians of, 362 
D'Urville, Capt.,on Soutli cm icebergs, 132 


EARTH'S crust defined, 2 

changes of level in the, 122 

Earthquake in New Zealand, 110, 10(5 
Kehi linden us of Suffolk Crag, 181 
Echinoxphfvrih'x tml/icas, 470 
Kden, Capt., on Coseguina eruption, 523 
Ega, Lake, banks of dead insects oil, 200 
Egcrton, Sir 1’., on fish of H cwlon scries, 
239 

on fish of Trias, 272 

on fish of the Permian. 270 

on fisli of Penarth beds, 355 

Ehrcnborg, l’rof., on term Brvozomn, ITS 

on composition of tripoli, 27 

on Silurian foraminifera, 476 

on infusoria, 27 

Eifcl Limestone, 450 

Lake-era ters of, 531 

Miocene volcanic rocks of, 510 

Pliocene volcanos of the, 521 

trass of the, 525 

J'ivphas ftnthjuus, molar of. 1 11 

tttt ridtoaalis, molar of, 141 

primiycnias, molar of, 141 

Elevation craters, theory of, 425 
Elie, Scotch drift of, 157 
Eivans, term explained, 572 

of Ireland and Cornwall, 617 

E hit nut of Ha prestis 'l Btoacsjicld, 322 
Emanjiaula cloth rata, 322 
Emmons, Prof., on jaws of Triassie quad- 
ruped, 273 

Enciinites of Bradford, 320 
Eucrinus Wiiformis , Mn.tr/irJk-aU-, 26!) 
Endogcns, term explained, 287 
Engihonl cave, human and animal re- 
mains in, 125 

England and "Wales, glaciation of, 15!) 
English and French Eocene subdivisions, 
233 

Enstatitc, 501 

Eocene areas of Europe, map of, 233 

foraminifera, 258 

formations of France, 253-260 

of England, 235 

period, volcanic rocks of, 543 

plutonic rocks of the, 560 

mctamorphic rocks of the, 600 


FAUNA 

I Eocene of France, footprints in, 255 

and Miocene, line between .the, 213, 

233 

term defined, 120 

of the United States, 202 

Eoznoa Ca and ra.tr, oldest known fossil, 491 
Eppclshcim, Miocene Gibbon of, 20S 
Epidote, 4!)!) 

Equisetaccm of the coal, 417 
h 'yaisetam areaaccam, 365 
Eyaas cabal fax, tooth of, 142 
Erratics, Alpine, 14 7 
Erratic blocks, nature of, 145 
— - of Greenland, 1 50 

near Chichester, 161 

in the lied Crag, 182 

Errol, Scotch drift of, 157 
1 Escarpments explained, 80 
[ Exchara disficha, White Chalk-, 27!) 

Kucha vintt occaai , White Chalk-, 27!) 

' Ksino, Triassio fauna of, 308 
Kxtheria tninafa, Trias, 358 

1 orttht, Richmond, Virginia, 373 

Etampos, fossil shells of, 214 
! Etheridge, Mr., on Atlantic mud, 271 

. Table of British Fossils by, 622 

; on Devonian scries in Devon, 445 

' on Devonian fauna, 447, 450 

; on mollusca of Bracklcsham, 244 

. on St. Cassinn fossils, 367 

; on carboniferous mollusca, 428 

i Etna, built up since Newer Pliocene, 186 

Pliocene lavas of, 520 

shells of, 186 

Etti nyslmusen on Shcppcy Eocene fruit 
■ 2 is 

J Eaaomia radio ta. Hath Oolite, 320 
S Eunolia bidras, Atlantic mad, 271 
j Eaomjdtalas prataiajalatus, 430 
Eupliotide, 558 
Enrite, 557 

Euritio porphyry' of Norway, 562 
Evans, Mr., on Archaeopteryx, 324 
Exogcns, 287 

Exoytjra riryula, Kimmrridye Clay, 322 
Extracrinus ( Pentacrinus ) liria reus, Lius, 
344 


FALCONER, Dr., op Miocene fauna of 
Siwalik llills, 20!) 

on Brixbnm Cave flint knives, 135 

on Microlestes, 356 

on Purheek mammalia, 312 

I Falttns of Loire, recent shells in, 192 

of Touraino, 132 

| Farnham, phosphate of lime near, 283 
J Fascicttlaria aurantiam. Coralline crag, 1 80 
i Faults in coal-measures of Coalbrook-Dale, 

| 66 

1 in mineral veins, 008 

described, 64-70 

often the result of repeated move- 
ments, 67 

Fauna of the crag, its relation to that of 
our present seas, 182 

of the Mountain Limestone, 425 

of the Paris basin, 254 

of the Permian, 378 • 

marine of coal period, 425 
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FAUNA 

Fauna, fossil of different ages tabulated, 622 
Favosites eervicornis, Devonian, 418 

(lothlttndica, Silurian, 4011 

Faxoe, chalk of, 269 

Fill's tiijris , tooth of, 1411 

Felsito and Pels tone, 557 

Felspar, varieties of, 498, 500, 551 

Femstella nil for mis, Permian, 1177 

Ferns of the eoal, 418 

Fife, trap dike in, 645 

Fish, fossil of the. Carboniferous, 481 

Eocene of Monte Bolea, 544 

oldest known fossil fish, 101 

number of living, 441 

freshwater and marine, 84 

— — Triassie of United States, 878 
— — of the Upper Lrnllow, 457 

of the Old lied Sandstone, 488-411 

of the Permian mai l slate, 879, 880 

of the brown coal, 541 

of the Lias, 845 

Fislicr ton, Greenland lemming in drift of, 
189 

Fissures, filled with mctallie matter, COS 
Fitton, Dr., on the Neocomian strata, ‘JOS 
Flam borough Head, Speeton clay at, 295 
Fleming, Dr., on Parka decipit ns, 4 li 

on trap dike in Fife, 510 

Flemingites gracilis of coal, 405 
Flint tools figured, 180 
Flints in the chalk, 274 
Flisk dike of Fife, 540 
Flora of the Carboniferous, 418 

— Devonian, and Carbon! ft runs, 452 

— - of the Snbnpennines, 190 

Lower Miocene of Switzerland, 218 

Miocene of the .Arctic llegions, 222 

• Older Pliocene of Italy, 190 

of the Permian, 888 

— — of the Upper Cretaceous, 285 

Miocene of Switzerland, 197-200 

of Vienna llasin, 208 

Lower Miocene of Devonshire, 280 

Fossil, of different ages tabulated, 022 

of the AVealden, 805 

Flower, Mr., on Halitherium, 17.8 
Fluviatilc beds u ndcri ying deep-sea strata, 
252 

Fluvio-marine or Norwich crag, 178 
Flysch of the Alps, 202 

plutonic rocks invading, 570 

Folding of Btrata by lateral movements, 53 
and denudation of Nova Scotia Car- 
boniferous rocks, 41 0 

Folds of parallel strata, arrangement and 
direction of, 70 

Foliation of crystalline rocks. 590 
Folkestone and llythe beds, 292 
Fontainebleau, Gres de, 218 
Footprints in Potsdam sandstone, 489 

of repairs in coal-rnmsutvs, 899 

fossil , in Niw Red, 871 

in Paris gypsum, 255 

Foraminifera, Eocene, 258 

forming chalk, 28 

of Mountain Limestone, 432 

of the chalk, 271 

Forbes, Mr. David, on glass cavities in 
quartz, 555 

on planes of foliation, 09G 


FOUKNKT 

Forbes, Mr. David, on specific gravity of 
quartz, 499 

on volcanic minerals, 499, 558 

on age of gold veins, 619 

Forbes, Professor E., on fossils of Bem- 
bridge lieds, 285 

on causes of reapijearancc of species, 

295 

on Cretaceous fossils of United States, 

291 

on Ilompstcad beds, 227 

on Isle of Mull leaf-bed, 281 

on Miocene lavas, 525 

i on shells of the crag, 181 

j — - on spharouites, 471 

on subdivisions of the Pnrbeck, 820 

• — on term ‘ Pleistocene,' 122 

on testacea of the Fnhms, 198 

on thickness of Upper Neocomian, 294 

on two types of corals, 425 

! Foreland, sandstones of the, 4 10 
Forest- bed at Cromer, 172 

marble or cornbrasli, 328 

submerged, 79 

fossil in coal, 891 

fossil of Lie of Portland, 819 

Forfarshire, Cepliahuspis Ix-ds of, 4 12 

contorted strata in, 158 

section of curved strata in, 51 

j Formation, term defined, 4 
i Formations, Classification of Tertiary, 114 
Fossil, term defined, 5 

trees erect in coal, 401 , 402 

Fossil iferous groups, table of succession of, 
J 08 

Fossils, arrangement oT, in strata, 23 

a test of age of strata, lot 

destruction of, in older formations, 

110 

found at great heights, 5 

fre.-bwater and marine, 28 

obliterated by metamorphic action, 

582, 005 

rate of deposition indicated by, 28-27 

recent and po.'t-plioccnc, 132-118 

of the drift, 150, 170 

of the Crags, 1 78-1 85 

Upper Miocene, 191-212 

Lower Miocene of Switzerland, 220 

of the Hempstead Beds, 228 

Eocene, 230 

of the Barton Clay, 242 

of the White Chalk, 277 

of the Neocomian, 293-297 

of the Oolite, 310-339 

of the Stonosfio.ld Slate, 833 

of the Lias, 341 

of the Trias, 857 

of the Magnesian Limestone, 877 

of the coal, 890 

plants of the coal, 418-125 

of the Mountain Limestone, 425 

Fish of Old lied Sandstone, 488 

of the London Clay, 247 

of Moel Tryfaen, 1G0 

Devonian, 440 

Silurian, 450-479 

Cambrian, 482-489 

Laurontian, 491 

Fournet, M., on metalliferous gi.ei.-;?, 58G 
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Four net, M., on veins in granite, 013 
Pox, Rev. D., on Isle of Wight Eocene 
fossils, 237 

Fox, Mr. It., on lodes in Cornwall, Oil! 
Fractures of strata, and faults, 01 
Fragments, included, a test of age of 
Plutonic rocks, 500 

included, a test of age of strata, 100 

a test of age in volcanic rooks, 521 

France, Eocene formations of, 253-200 

Lower Miocene of, 214 

Up] tor Miocene of, 192 

■ — — Reindeer Period of South of, 1 27 
Fro-ihlield, Mr., on absence of lakes in the 
( laucasus, 107 

Freshwater strata, how distinguished 
from marine, 29-30 

formation of Auvergne, 210 

fossil plants and fish, 34 

Liassie deposits, 350 

Frostburg, carboniferous ferns of* 414 
Fneoid sandstones of Sweden, 4 K0 
Fnhjnr canalicnlntns, Maryland, 211 
Fuller's earth, fossils of the, 530 
Fundament al gneiss, 4! >2 
Fumly, Pay of, fossil trees exposed in 
cliffs at, 4 11 
Fusilina cfdindrica, 432 
Fusion of quartz, 499 
Fastis contra ri ox ( Tro/dnm natir/nnin), 177 
(juudricostatus, Maryland, 211 


flATlBUO, 558 

Gaillomlla jerrut/iuen nail ('/. distans, 27 
Galapagos Islands, living marine saurian 
in, 549 

(falcoci-n/o lafidcns, Jtrackb sham , 245 
(hilrrih x ulbot interns, White Chalk , 277 
Ganoids, the type of Old Ked Sandstone 
iisli, 439 

of the Weald on, 301 

of the Trias. 373 

Gaps in the sequence of fossil remains, 110 
Garnet, 499 

Gases, corrosion of rocks by. 580 
Gastornis Parisiensis in Plastic clay. 200 
Gaudin ou Lower Miocene of Switzerland, 
219 

on riiocene flora of Italy, 190 

— — on Proteaeeie iu Eocene, 240 
Gutidry, M., on Miocene vertebrata of 
A’auclnse, 19(5 
Pikermi, 209 

. on divisions of the Miocene, 192 

Gault, thickness and fossil.-* of. 281 
Geikie, Mr. A., on Ayrshire Pennian trap 
rocks, 540 

on subaerial denudation, 92 

■ on ice erosion of lake basins, 107 

■ on Tcntland Old Red volcanic rocks, 

549 

on Silurian metamorphic rocks, 004 

on syenite of Mull, 509 

on second striation of boulder-clay, 

158 

on Tertiary lavas, 525 

on foliation, 500 

Geinitz, M., on Permian flora, 383 
Gemunder Maar, volcanic rocks of, 534 


CKANITE 

Geneva, Lower Miocene of, 219 
Geographical relationship of animals, 138 
Geology defined, 1 

Gergovia, tuffs and associated lacustrine 
strata of, 542 

Germany, Lower Miocene of, 225 

Triassio fauna of, 304 

Permian rocks of, 382 

Gers, Upper Miocene of, 190 
Off rill in a no-ps, Xeocoinin.n, 294 

social is, Muschelkalk , 309 

Gesner, Dr., on carboniferous footprints, 
407 

Giant's Causeway basalt, 0 

age of, 231 

laterite of the, 509 

Gibbon of Gers and Eppelsheiin, 190, 208 
Gibbes, Dr., on Alabama Zcuglodon, 203 
Girgenti, Newer Pliocene of, 188 
Glacial drift, distribution and nature of, 
J44 

formations of Pleistocene age, 141 

drift of Ireland. 170 

formations of Pliocene age, 109 

erosion of lake-basins, 163-108 

epoch, changes of level in the, 90 

Glaciation of Russia and Scandinavia, 154 

of Sootlund, 155 

of Wales and England, 159 

of North America, 102 

Glaciers, transporting and abrading power 
of, 140 

Glasgow, burled canoes near, 123 
Glass cavities in quartz, 555 
Glauconic grossierc, 258 
Glen Tilt, junction of granite and schist 
at, 559 

Globiform pitclistone, 512 
Globii/erina bulloidex, 271 
Globular structure of volcanic rocks, 509 
Ghjptoxtrobns Enropivux, (Eningen, 205 
Gneiss, granite veins traversing, 500 

defined and figured, 577 

fundamental, of Scotland, 492 

Gold mines of Australia and Chili, 619 

veins of Russia, 018 

of California, of age of alluvium, 019 

origin of, 01.9 

cause of rich cappings of, G20 

Golden berg. Professor, on Saarbriick coal 
insects, 397 

Goldfuss, Professor, on reptiles in coal, 
397 

Goniatites creni&lria, 431 

Lixteri, coal measures, 390 

Gbppert, on American forms in Swiss 
Miocene flora, 205 

on petrifaction, 45 

on plants of coal measures, 389 

Gort/onia infundibuli/ormis , Permian , 377 
Graham’s Island, forming ashy conglome- 
rate, 544 

Grampians, Old Red conglomerates of, 50 

trap rocks of the, 548 

former glaciers in the, 155 

Grand Canary, Upper Miocene, shelly tuffs 
of, 537 

denudation in the, 538 

Granite, composition of, 552 

graphic and columnar, 553 



INDEX. 


657 


GRANITE 

Granite, how far connected with volcanic 
rocks, 558 

liornblendic and talcose, 557 

hydrothermal action in formation of, 

metamorphosing fossiliferons strata, 

581 

porphyritic, 55G 

oldest, 575 

passage of, into trap, 558 

— - veins, 559, 5(10 

Gran ton, monocotyledon found in coal at 
424 

Graptolites of Bala beds, 471 
Graptolites Murchisonii, Llanduilo flags, 472 
Graptolithus priodon, Silurian, 4(15 
Grays, Essex, pachyderms found at, 1:59 
Groat (or Bath) Oolite, 528 
Greece, Upper Miocene formations of, 208 
Greenland, continental ice of, 150 

gradual sinking of, 49, 79 

Miocene flora of, 228 

Greensand, use of term, 265 

Upper, or Chloritic series, 282 

Greenstone, 504 

Gres de Beauchamp, Paris basin , 257 
Gres de Fontainebleau, age of the, 213 
Gres bigarr6, 864 

G re.v sandstone of Upper Ludlow, 457 
Griffiths, Sir II., on yellow sandstone or 
Ireland, 436 

Gristhorpc, Oolitic ferns of, 336 
Grit defined, 12 

Groups, older, rise highest above the sea, 
11(1 

why the newest to be studied first, 

117 

Gryllacris lithanthraca, coal, 397 
Gryphitc Limestone, 341 
Gryphaja coated with serpuhe, 24 

coluiUba, Chloritic Band, 283 

couce.ru, chalk , 278 

— — incitrru (G. urcuatu ), 30, 841 

vin/ula , liimmeridije clay, 322 

Gundaloupc, glass cavities in quartz of, 

Gulf-Stream, probable abrading power of, 
82 

G umbel, M., on Kliastic beds, 354 
Gunn, Mrs., on potstones in the chalk, 
274 

Gunther on Ccratodns. 441 
Gut bier. Colonel, on Permian flora, 883 
Gymnogens, term explained, 287 
Gypsum and gypseous marl defined, 14 
G\ pseous marls of Auvergne, 216 

series of Montmartre, 253 

Gyrugonitcs of the Weal <len, 305 
Gyrolepis tenuistrialus , Kinetic beds, 355 


HA1ME, Mr., on palaeozoic corals, 426 
Jfakea silicina and llukrn salujnu, CEnin- 
gen, 204 

Hulitlierium in coprolite bed, 178 
Hall, Captain Basil, on Cyclopean Isles, 
530 

Sir James, on curved strata, 63 

Mr. J., on Appalachian palaeozoic 

rocks, 87 

F 
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Hallstadt and St. Cassian beds, 365 
Holy sites cutenularis , Silurian, 468 
Hamilton, Sir W., on eruption of Vesuvius, 
1 779, 526 

If a mites spiitit/er, Gault, 284 
Hancock, Mr., on Protorosaurus in Per- 
mian, 380 

Harding, Hr., on carboniferous footprints, 
407 

ITarkness, Professor, on Silurian metamor- 
phic rocks, 604 

on Penrith sandstone, 381 

Harlech grits, fossils of the, 485 
Harris, Major, on the Salt Lakes, 364 
Ifarpactor macuUpes , fEningen, 206 
llarpo, M. de la, on Bournemouth Eocene 
flora, 246 

ITartung, Mr., cited, 495, 532, 537 

— on shells of Azores, 539 

Harts mountains, mineral veins of, 610 

Hunter Sandstein of, 370 

Hastings Sands, sulKlivisions of the, 300 
Huutes-Alpes, granite of the, 572 
Haiiy on isomorphism, 561 
II codon series, fossils of the, 238 
Heat, powerful in consolidating rocks, 42 

rocks upraised and folded by, 69 

internal, caused by transfer of sedi- 
ment, 94 

Hebert, M., on age of Sables de Braclicux, 
260 

on Gastornis Parisicnsis, 2(>0 

comparison of Sables Moycus and 

Barton shells, 242 

on pisolitic limestone, 268 

Hebrides, dikes in the, 514 

liornblendic gneiss of the, 88 

Eocene voleauic rooks of the, 543 

Ileer, Professor, on American genera in 
Swiss Miocene, 222 

on age of Madeira leaf-bed, 533 

on Arctic Cretaceous flora, 303 

— — on Arctic Miocene flora, 222 

on Bear Island flora, 437 

on Bovey Tracey Miocene flora, 230 

on fossil plants of Switzerland, 197, 

199,206,219,220 

on Lower Miocene plants of Mull, 231 

on Monte Bolca Eocene plants, 246, 

644 

on Proteas of Lower Miocene, 220 

on plants of Hempstead beds, 229 

on plants of coal-field, Virginia, 372 

on Swiss Miocene insects, 205 

on supposed Froteaceie of CEningen 

l*cds, 205 

on Supcrga fossil plants, 227 

Heidellierg, varieties of granite near, 560 
Heligoland, Lower Neocomian of, 297 
Jleliolites porosa, Devonian, 447 
Uelij- hisjnda. (plelteia), 132 

lubyrinthicu , Ileadon, 238 

occlusa, Demi) ridge, 236 

Turonensis, faluns, 32 

Hem icidaris Purbeckensis, Purbeck , 310 
Hemipneustes rndiatus , Chalk, 267 
Hemitelites Brownii, Inf. Oolite, 337 
Hempstead beds, subdivisions of the, 227 
Henry, on absorption of carbonic acid gas 
in water, 086 
3 
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Ilrnslow, Professor, on dike in Anglesen, 
Ml 

on Red ( 'rag coprolite bod, 177 

on Portland dirt-lied, ill!* 

HennsdoiT, Rupeliuii clay of, 225 
Hertfordshire puddinp-stoiie, .'ll) 

to Prance, Cretaceous section, 2 70 

] I ersd id. Sir .1., on slaty cleavage, 592 
J/rfrrocrrcal tail of fish , 1171) 

Uieks, Dr., on fossils of Arenip beds, -171 

on fossils of Harlech grils, 486 

on Monevian beds, 484 

on Trwmuloc beds. 482 

] I ighland metnmorphic rocks, (103 

llils conglomerate, 21*7 

Himalaya, shells 18,000 feet high in, 5 

Upper Miocene of, 200 

Jtippopodium ponderosnm, Lion, 312 
Jhppopotamns, (noth of , 142 

in Thames gravels, 131) 

liippurite Limestone, 2SK 
Jhfipurites organiMtits, chalk, 200 
Jlitebcock, Professor, on Trias footprint., 
371 

WsHudermn hdteruien, 183 
Jloloptiichitis nofdlt\dmns, scale of. and re- 
storation of lisli, 438 
Jfutnafottolus ]>ri phinoct jdtnlus, 40.7 

nrmahts f, Devonian, 430 

jlomfruy, Mr., on fossils of Trcmadoc beds, 
482 

J/omomral tail offish, 370 
Hooghlcy Hirer, analysis of water, 43 
Hooker, Dr., on coniform, 423 

on structure of sigillaria. 420 

on sporangia of .Silurian plant, 437 

on coal-plants. 417 

Jiordwell Clift*, Hvrcnodon in Eocene of, 
. 218 

— — llclix labyrintbiea in. 231) 

Barton and Hendon Inals of, 211 

Horizontally of strata. 10 
Horizontal strata, upheaval of, 48 
Horn hi elide, 408, 501 
J 1 ornblende-sc] list, 578 
Horn bleu die prunito, 537 
Hornes, Dr., on fossil mollnsca of Vienna 
basin, 207 

Horstead, potstone> at. 274 
Hourglass illustrating the destruction and 
renovation of land, 03 
JTov.se, Mr., on Frotorosanrus, 380 
Hubbard, iTofessor, on granite of ‘White 
Mountains, 500 

Hudson J liver Croup, fossils of the, 475) 
Hughes, Professor, cited, 14!), 280, 443. 503 

on slaty cleavage, f.oo 

Hull. Mr. E., on breccias in Permian. 38] 

— - on carboniferous of Lancashire. 387 

on carboniferous rocks of north of 

England. 88 

on faults in Lancashire coal-field. 09 

on nntielinals and synclinals, Lanca- 
shire, 02 

on thickness of the Upper Trias, 337 

on thickness of Permian, 376 

on three lines of flexure since the coal 

in Lancashire, 71 

Human works of Recent Period, 121 
in cavern deposits, 133 


Humboldt, on mineral character of rocks, 
G01 

on mean height of American conti- 
nent-, 5)2 

Humphreys and Abbot on Mississippi de- 
nudation, 5)1 

Hungary, trachyte of, 555) 

Hunt Stony, on action of water in meta- 
Tuorpliism, 585 

Hnrnnian series, thickness of the, 485) 

lluxley, Professor, on Atlantic chalk-mud, 
270 

on affinity between reptiles and birds, 

324 


— on fish of Old Red Sandstone, 439-442 

— on Ptemspis, 462 

-- on Hyperodapedon, 358 

on Permian reptiles, 380 

on spores and sporangia of coal, 403 

Hyama den of Kirkdnle cave, 135 
1! inrun sjh hrn, tooth of, 143 
Jhjhodns fiiirntili.it , Il/urtic beds, 355 
retie uint us, Lins, 346 

Hydrothermal action producing metamor- 
phism, 581 

— - in formation of granite, 555 
Jhiiuettoenris r> nnienudu, 483 
i/itperodapriioi) (tordoni, Trias, 358 
HyperStudio, 498, 501 
rock, 504 

— rocks of Skye, 490 

Hypogene. rocks, uniformity of mineral 
character in, 601 

rocks, term defined, 10 

Jlttpsiprymnvs ( inimanli , molar of /read, 

of Australia, 136 

Uythc, Neocomian beds of, 292 


ICEBERGS, drirt carried by, 151 

stranded in Baffin’s Bay, 152 

lee-erosion of lake- basins considered, 163 

abrading power of, 146 

continental of Greenland, 150 

Ire- borne erratics at Chichester, 161 
Iceland, glass cavities in quartz of, 555 

flow of lava in, 523 

Tehthyomis dispar of Kansas, 291 
Jehthyosa nrus comm on is. Lias, 348 
lehthyodomlito of the Lias, 316 
Idoerase, 4ft!) 

Igttn notion Mn nielli. Weald Clan, 29!) 
Ilfracomlie Group of Devon, 446 

section of slate rocks near, 594 

Imperfection of the record, 115 
Inclined strata, 50 
India, Miocene formations of, 209 
Inferior Oolite, thickness and fossils of, 
336 

Infusoria in tripoli, 27 
Inland sea-cliffs, 80 

J it or cram ns Lnmarckii, White Chalk , 278 
Insect in coal, 396, 408 

beds of the Lias, 350 

icing of neuroptcrous, 350 

Insects, Devonian, of Canada, 453 

in European coal, 396 

Miocene, of Croatia, 226 

Upper Miocene, at CEningcn, 205 
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Insects, causes or fossiiisation of, 200 
Intrusion, a test of age of plutonic rocks, 
600 

a test of age of volcanic rocks, 517 

Inundation mud of rivers. 1:30 
Ireland, glacial drift of, 170 

yellow sandstone of, 4:10 

— to the Crimea, chalk from, 270 

carboniferous strata of, 587 

Iron pyrites, 400 

weapons of Swiss lake-dwellings, 125 

Isle of liourbon, lava current of the, 507 

Cyclops, view of, 550 

Wight, Hempstead beds, 227 

Wight, Eocene beds, 258, 251 

Mull, Miocene leaf-bed of, 250 

Mull volcanic rocks, 559 

] Mist ran i ohlotnjn , Portland Sand, 522 
Isomorphism, theory or, 501 
Italy, Lower Miocene of, 227 

Older Pliocene volcanos of, 555 

riioccne of, 18!) 

Older Pliocene flora of, 190 

Upper Miocene strata uf, 208 


.TA EGER on Mastodons: mm--, 505 
.Jnniie-on, Mr. T. J'\, on Scotch glacial 
di-dt., 155 

Java, volcanic explosions in. 195 
.laws of uiiitniiiaiia in Purbeck, 51 1 
Jeffreys, Mr. (hvyii, on Atlantic mnd. 271 

on recent deep-sea dredging, 185 

on living Pcntaerinus, 545 

Johnson, Mr., on Madeira fossils, 557 
Jointed structure of mctamorplnc rocks, 
591 

Jones, Dr. Rupert, on Eozoon Canadcnsc, 
491 

.Tornllo, lava stream of, 507 
Judd, Mr., on S{»cuton clay, 295-297 

on Tithonian, 292 

on volcauie rocks of the Hebrides, 515 

on Tertiary plutonic rocks, 509 

on Scotch intrusive granite, 582 

Jukes, Mr., on Tarannon shales, 400 
J lira, erratic blocks on 1 1 ic, 147 

structure of the, 59 

on Post- tertiary lavas, 525 


KANGAROO, jaws of, 130. 137 
Kansas, Cretaceous birds (.4*, 291 
Kaolin, composition of, 12 
Kiisegrotte, Bertrich Baden, Basaltic pil- 
lars of, 511 

Kaup, Professor, on footprints o the Trias. 
500 

Keilhau, Professor, on granite veins, 502 

on planes of foliation, 590 

on Silurian granite of Norway, 571 

on protrusion of granite, 581 

Keller, Dr. F., on lake-dwellings, 125 
Ivelloway Rock, percentage of Oxford clay 
fossils in, 328 

consolidation of, 38 

Keupcr of Germany, 305 

or Upper Trias of England, 307 

Kentish Rag, 293 

Killas, altered by granite in Cornwall, 582 


i..u:i;entian 

Kilkenny, fossil plants of, 45u 
Kiltorkan, yellow sandstone of, with A no- 
do nta, 436 

KiiHihan. Dr., on Cambrian annelids, 485 
Kimmeridgc clay, 325 
King-crab of China, 443 
King, Dr., on reptile footprints in coal, 400 

Mr., on Permian fossils, 379 

Kirkdalc cave, hyrcnu’s den of, 135 
Kitclien-middcns of Denmark, 125 
Kleyn Spawen lieds, 224 
Kocsson beds, 554 

K’bnon, Baron von, on Bruckcnhurst shells, 
240 

Koniuck, M. cle, on Mountain Limestone 
fish, 131 

on shells of Mayen ce basin, 225 

Koninrkia Leonhnrdi. Uallsladl, 300 
Kupfer scliiefcr of Germany, 382 
Kysou, mammalian remains at, 230 


LABRADOR rock, 504 

sen* s, 190 

Labradorite, 198, 590 
Labyrinlhoilou Jar'// ri , tooth of, 359 
Labyriirtliodonts of coal, 397 
La Kero, Tertiary mammifor at, 200 
Lugo Alaggioro, formation of the, 105 
Lake-craters of the Hifel, 531 
Lake districts, .-outhern limit.-; of the, 10 L 
Lake dwellings, scarcity of human remains 
in, 120 

in Switzerland, 125 

Lukes, deposits in, 5 

connection of with glacial action, 

105-108 

Lamarck on bivalve mollusea, 30 
Lamination of clay slate, 597 
La mm i ehyuns, llrarklrs/tam, 245 
Lancasl i i re, vast th irk n ess < >f r< >cks w i tliont 
corresjHmding aliitude in, 88 

section of carboniferous rocks. 02 

Laiiecroh', A’eins in crater of, 012 

Land, balance of dry, how preserved, 90,95 

extent of, in I’ciiuian, 582 

lias been raised, not the sea lowered, 

4 7 

mean height of, above the sea, 92 

— - rise of, in Sweden, 49 
— — ri.it: and fall of, affecting denudation 
78 

Landcuiuu of Belgium, 205 
Land-ice, action of, in Greenland, 150 
Land’s End, columnar granite at, 552 

porpbyritic granite at, 550 

La Roche, recent deposits in estuary <>f, 15 
Lartct, M., on mammalia of Kaluns, 195 

on Gnstornis Pari.-icnsis, 200 

on reindeer period, 120 

Last roc a stiriara, Monod, 221 
Latera leompressioii causing curved strata 
53, 80 

moraines, 147 

Laterite of Giant’s Causeway, 508 
Laurcntian gneiss of Scotland, 492 

Group, Upper and Lower, 490 

thickness of, in Canada, 90 

mctainorphic rocks, 002 

volcanic rocks 550 
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JAVA 

Lava, 507 

consolidating on slopes, 40 G 

currents of Auvergne, Oil 

streams, effect or, (i 

of La Coupe d’Aysac, 510 

of Jorullo, 507 

Lead veins, age of, 018 
Leaf-bed of Madeira, 532 

Isle of Mull Miocene, 230 

Ledn nnn/eptnloidi s, London daft, 210 

Deslanjesinna {Xuettla JJrshai/esiana), 

221 

Ledn lanecolata ( L. nhlonyo ), Scotch drift, 

1 50 

trnneata, Scotch drift, 157 

Lee, Mr. ,1. 14., on Ptcruspis of Lower 
Ludlow, .1)12 

Leid\, l)r„ on fossil quadrupeds of Ne- 
braska, 232 

Lcintwnrdinc, Pteraspis found at, 402 
Ltpenlilia inflate! , coal-measures, 390 
Lepnloebndron ( iriflthsii , 437 

cnrreeejntnm, carboniferous, 410 

Sh rnben/ii, coal-measures, 410 

Lcpidolitc, 4 Its, 501 

Li pidosi rolms orient ns, coal, 417 

Lepiifotns ijitjus, Lins , 345 

Mendelh, lt'< abb n , 301 

Lejdivna ilejnrssa, Wmlock, 40l 

Moored , Lins, 342 

Loneile, 4 its 

Level of surface altered by change of sub- 
terranean beat, J»G 
Lewis, bornblendie gjieiss of, 003 
Lias, ealcnreous nodules in, 40 

fishes of the, 345 

fossils of the, 311 

and Oolite, origin of the, 351 

reptiles of the, 347 

— - - inserts of the, 350 

plants of the, 351 

plntonie rocks of the, 572 

subdivisions of the, 340 

volcanic rocks of the, 545 

Liebig, on conversion of coal into anthra- 
cite, 391 

on origin of stnlactitc, 13-1 

Liege, limestone caverns at, 13-1 
Lightbody, Mr., on Ludlow shales, 450 
Lignite, conversion of, into coal, 304 
J .ignites of Bovey Tracey, 220 
Lima eeigunienm, 341 

JJoprri, Chalk, 284 

spinosa , While Chalk, 277 

Limagne d’Auvorgne, Lower Miocene 
mammalia of the, 21 7 
Limburg beds, 225 

Lime, scarcity of, iumetmnorphie rocks, GOG 

in solution, source of, 45 

Limestone, block of striated, 14G 
Limestone formed of corals and shells, 23 

broccinted, 377 

■ of chemical and organic origin, 38 

llippurite, 288 

Magnesian, 14, 37G 

metnmorphie or crystalline, 570 

Mountain, and its fossils, 425 

striated, 14G 

Li hi men caudata, 239 
futf/onnis, 236 


MCCULLOCH 

Li m need luiie/iscata, 31 

Lingula beds, volcanic tuffs of the, 530 

flags, fossils of the, 483 

Lingula Creel neri, Permian, 378 

Dnmortieri, Crag. 181 

Lncisii, Ludlow, 450 

Lingiehila Davisii, 483 
Lipari Isles, tufas in, 58f> 

Liquidmnbnr en roper inn, 191 
Lit h rust ration basultifonne, Carboniferous, 
427 

Lits co(|nilliers, 250 

Littoral denudation defined, 79 

Lit a lies e/i; fan tens, Ludlow, 4C0 

Llanbcris slates, 4S5 

Llaudeilo Plugs, fossils of the, 4 72 

Llandeilo formation, thickness of the, 473 

— Lower, 174 

Llandovery Group, classification of the, 4GG 

Rocks, thickness of the Lower, 4G8 

Loam defined, 14,130 

Loch Assynt, unconformablo Palaeozoic 
strata of, 8.0 

Loele, Proteaccons plants of, 203 
Lodes, shells and lobbies in, G14 

i .SrY- Mineral Veins 

; Loess or fluviatilc loam described, 131 

1 fossil shells of the, 132 

Logan, Sir W., on Eozoon Canadonse, 401 

on Gaspe sandstones, 451 

on lluronian and Laurentian, 480 

on Potsdam sandstone, 489 

on stigmaria in underclays, 381 

on thickness of Nova Scotia coal, 401 

on thickness of Laurentian iu Canada, 

0(1 

Loire, faluus of the, 102 
London Clay, fossils of the, 247, 240 
Longevity, relative, of mammalia and tus- 
taeea, 110 

Longmynd Group, fauna of the, 485 
Lonsdale, Mr., on Devonian fossils, 415 

on Stonesfield slate, 382 

— — cm United States Miocene corals, 211 

! on corals of the Paluns, 104 

on Madeira shells, 537 

Lonsdaleia floriformis, Carboniferous, 427 
I Lowe, Rev. R. T., on Mogador shells, 537 
Lubbock, Sir J., on the two stone-pcriocis, 
126 

Lttcina srrrata , Jirackleshnm, 245 
| Ludlow formation, Upper, 45G; Lower, 

1 458 

bone-bed of the Upper, 45G 

lull worth Cove, dirt-bed of, 320 
Lycett, Mr., on Great Oolite fossils, 331 
Lyeopodiaeoie of coal, 415 
Lncopodium densnm, living species, 416 
Lym- fiord, mingled freshwater and marine 
strata of, 35 

Lynton Group of Levon, 446, 450 


MACLAREN, Mr., on Fentland Hills, 
i vulcanic rocks, 549 
Macclesfield, marine shells 1,200 feet high 
; at, 161, 1G6 

| McClintoek, Sir R., on Atlantic mild, 271 
McCulloch, Lr., on Aberdeenshire granite, 
; 558 
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MCCULLOCH 

McCulloch, Dr., on consolidation of Skye 
sandstone, <10 
on trap, « r > 1 8 

McCulloch, Mr. J., on Eozoon Cunadense, 
401 

Macropus atlas, lower jaw of, 1 36 

major (living), lower jaw of, 137 

Madeira, l>eds of laterite in, 501) 

dike in valley in, 513 

IMioccno leaf -bed and shells in lavas 

or, 532 

Miocene volcanic rocks of, 530 

wind removing scoria*, in, 74 

Maastricht beds and their fossils, 20G 
MaiTiotie, Don Pedro, cited, 53N 
Jfar/as pumila , White Chalk. 277 
Magnesian Limestone, concretions in, 41 

Limestone, defined, 14 

and marl-slate, 37(1 

fish -scales of, 380 

Magnetite, 40!) 

Maidstone, Upper Cretaceous fossils of, 
280, 208 
Mulaeolito, 50] 

Malaise, Professor, on Engihoul cave, 135 
Malvern Hills, Wciilock limestone of, 103 
Mammalia, anterior to Paris gypsum, 
table of, 315 

extinct, coeval with man, 131, 130 

fossil, of Middle Purbeek, 31 1 

fossil, in Pliocene in Val d’Arno, 100 

fossil, in the Crag, 172, 178 

fossil, of Vienna basin, 207 

low grade of, in early strata, 371 

of Paris basin, 254 

of the Limagne d’ Auvergne, 217 

of Kiwalik Hills, 2(>0 

of the ►Stonestield slate, 332 

troth of Post pliocene, 142 

and testaoea, comparative longevity 

of, 140 

Mam miter of the Trias, 373 
Mammoth, rude carving of, in Perigord 
cave, 127 

in Scotch till, 155 

fire Elephas primigenius 

Man, antiquity of, 12!) 

Manfrcdi on amount of subaerial denuda- 
tion, 00 

M ante 11, Dr., on iguanodon of ‘Would en, 
200, 301 

on Oxford Clay belemnitcs, 327 

on Weald en fossils, 207 

Mantellia nidiformis , Purbeck, 318 
Map of Chalk formation in Prance, 289 

of Eocene tei-tiary basins, 233 

of llallstadt and St. Cassian beds, 3(iC 

Marble defined, 13 

of Carrara, mctamorphic, G01 

Alarcon, M., on age of Wealden beds, 304 
Margaric acid, 592 
Margarite, 498 

Marine fauna of the Carl >onif crons, 425 

beds underlying the London clay, 252 

and brackish- water strata in coal, 395 

strata, how distinguished from fresh- 
water, 29-36 

strata, causes of elevation of, 47 

and freshwater strata, alternations 

of, 49 


MICRASTER 

Marncsu, gryphees virgulcs, 323 

iris6cs, 364 

Marl from Lake Superior, 40 

and marl-slate defined, 14 

red, green, and white of Auvergne, 

216 

slate of Middle rermian, 370 

Marsh, Prof., on cretaceous birds of Kan- 
sas, 291 

Marsupials, extinct, of Australia, 136 
Mavsupites Milled, White Chalk. 277 
Mastodon arvrnirnsis, molar of, Norwich 
crag, 174 

gigantcus in United States after the 

drift, 163 

Massachusetts, plumbago of, 584 
Mnuiieh Chunk, coal of, 392 
Mayencc basin tertian' es, 225 
Mayer, M. Karl, on Madeira fossil shells, 
537 

May -Ilill Sandstone, 4(56 
'Mechanical and chemical deposits, 37 

theory of cleavage, 593 

Medial moraines, 147 

Mediterranean, one zoological province, 
103 

volcanic island formed in the. S3 

Mtq« lotion cucullatas , Devonian, 41!) 
Melania inqninnUt ( (‘rrithium mehtnohlcs), 
251 

turritissima, licmbriilt/e, 236 

Atelanopsis hurcinoidra , 31 
Melapbyre, a variety of basalt, 504 
Menevian beds and their fossils, 484 
Mergel-sel defer of Germany, 382 
Mesozoic, term explained, 100 

and Cainozoic periods, gap between 

the, 261 

and Palaeozoic rooks, limits of the, 375 

Metals, relative age of different, 616 
Metalliferous veins, origin of, 608 
Metamorphic limestone, 579 

sti-ata, origin of, 580 

theory, objections to, considered, 587 

rocks defined, 8 

577 

cleavage of, 589 

scarcity of lime in, GOG 

ages of, 599 

order of succession of, 604 

uniformity of mineral character 

in, 604 

Metamorphism, hydrothermal action pro- 
ducing, 584 

Metamorphosis of trilobites, 470 
Meteorites, minerals in, 500 
Mexico, Gulf of, terrestrial remains washed 
into, 105 

Meudon, Pisolitic Limestone of, 268 

Gastornis Parisiensis of, 260 

Meyer, M. H. von, on reptiles in coal, 397 

on Belodon, 357 

on Wealden of Germany, 304 

Miascite, 557 

Mica and its varieties, 498, 501 

how deposited, 1 6 

schist or micaceous schist, 579 

Micaceous sandstone, origin of, 12 
Micraster cor-antjuinum, 277 
Micraster wills serpula attached, 25 
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MlCROCONCHUS 

Microconchus carbonarius, coal-measures, I 
896 | 

Mierolestes antiquus, Upper Trias, 356 | 

Migrations of quadrupeds, 139 
Miliolitc limestone. ‘258 
Miller, Hugh, on Old Red Sandstone fish, 
438 

on salt lakes, 364 

Millstone-grit, 886 

Mill ic-Ed wards, Mr., on Miocene sub- 
divisions, 19*2 

on Palaeozoic corals, 425 

Minchinhampton, (1 ro.it Oolite of, 331 
Mineral composition of strata, 11 

a test of age of volcanic rocks, 623 

a test of age of platonic rocks, 566 

u test of age of strata, 101 

character of cretaceous rocks, 276 

- — character of hypogone rocks, 604 

- — springs of Auvergne, 606 

veins, different kinds of, 6 07 

formed in fissures, 608 

rocks altered by, 539 

successive formation of, (ill 

swelling and contraction of, 614 

- relative age of, 61 6 

jM'bbles in, 61 1 

chemical deposits ill, 615 

- — question of origin of, 620 

Minerals in meteorites, 500 

table of the most abundant in hypo- 

gene rocks, 484 

Mineralisation of organic remains, 42 
Minudic, anticlinal axis of coal-measures 
at, 411 

Miocene of Bordeaux and South of France, 
195 

and Eocene, line between the, 213, 283 

Arctic Flora, 222, 224 

Lower, of England, 227 

Lower, of Germany aud Croatia, 225, 

226 

Lower, of Central France, 214 

- Lower, of Italy, 227 

Lower, of ‘Nebraska, United States, 202 

— term defined, 120 
Miocene, Upj»er, of the Boldorberg, 206 

Upper, of France, 193 

Upper, of Italy, 208 

Upper, of Greece, 208 

Upper, of India, 209 

Upper, or CEningon, 197 

Upper, of Vienna basin, 207 

volcanic rocks, 636-543 

Mitsclicrlieh, on isomorphism, 503 
Mitchell, Mr., on Aralia fruit in Alum Bay 
Eocene, 246 

Sir T., on Wellington caves, 136 

Rev. Hugh, on Ptcraspis, 427 

J I, ‘fra Scabra, Barton clay, 242 
Mississippi, sediment of, used as n test of 
denudation by rivers, 91 

swamps ol' the, 893 

valley, deposition and denudation in 

the, 79 * 

Mobile, Alabama, Cyrena found at, 252 
Model, supposed, of the capacity of the 
ocean, 95 

Modiola acuminata , Permian , 377 
Moel Tryfaen) shells found at, ICO 


MUSCOVITE 

Mohs on isomorphism, 301 
Molosse, Lower, of Switzerland, 218 

Middle, or Marine, of Switzerland, 206 

Upper Freshwater, of Switzerland, 199 

term explained, 199 

Mollusca. *SVr Shells 

longevity of species of, 140 

of Hnllstadt beds, 867 

value of, in classification, 119 

of tlie Carboniferous, 428 

Monitor of Thuringia, 380, 461 
Mouoclinic felspars, 500 
Monocotyledon in coal-measures, 424 
Monod, fiora of the Lower Molosse at, 219 
Monomyary mollusca, term explained, 30 
Mona, unconformablc sLrata near, 72 
Mont Lore, Auvergne, extinct volcanos 
of, 215 

age of volcano of, 541 

Monte; Bolca, fossil fish of, 544 

Cairo, cross stratification, 20 

Mario, age of volcanic deposits of, 533 

Nnovo, formed 1038, 525 

Montmartre, gypseous series of, 253 
Montmorency, fossil footprints at, 255 
Monts Home, extinct volcanos, 493 
Moore, Mr. C., on lead-veins, 011 

on l!luetie tieds, 354 

— on Upper Trias quadrupeds, 357 

Moraines described, 147 

Morea, cretaceous volcanic rocks of, 513 

inland sea-cliffs oF the, 80 

Morris, Prof., on spores in coal, 403 
Morthoe, Devonian strata at, 416 
; Mortillct, M. do, on icc-erosion of lako- 
hosins, 164 

Morton, Dr., on age of American creta- 
ceous rocks, 291 
Mo&asa urns Camperi, clutli, 267 
Mountain Limestone, fossils of the, 425-1 82 
Mudstone of Upper Ludlow*, 457 
Mull, Isle of, leaf-bed, 230 
MUnster, Count, on fossils of Soleiihofcn, 
323 

Mn reft isonia gracilis, 479 
Murchison, Sir R., on area of the Swiss 
Mulnsse, 199 

— — on hall-stones of Wcnlock Limestone, 
463 

| on brackish- water strata in coal, 395 

on Devonian series, 434, 415 

on Devonian ichthyolitcs, 450 

on Eocene igneous rocks, 262 

on formation of gneiss, 600 

on Llandovery beds, 4(i6 

on Laurcutian gneiss of Scotland, 492 

on mctamarpliic rocks of North High- 
lands, 608 

on Monte Bolca fish-beds, 544 

on name Permian, 875 

on Old Red Sandstone, 434, 438, 444 

on Pultnozoic strntn, Queenaig, 89, 90 

on rermiau of Russia, 383 

on Silurian, 457, 459, 461, 465, 4G8 

on Tertiary volcanic rocks of Italy, 

084 

on thickness of chalk in Russia, 270 

on thickness of the Trias, 858 

Murex raginaltu , 186 

Muscovite, or common Mica, 498, 501 
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MUSCHKLKALK 

Muschelkalk, fossils of the, 368 
Musk-sheep, fossil, in Thames valley, 139 
Mgliobates Edwardsi , BrackUsham , 214 
M utilus sept if er, Permian , 377 


NAPLES, volcanic rocks of, 525 

escape of carbonic acid near, 606 

X'atica clausa, Scotch drift, 156 

helicoides, Chillcsford beds, 173 

Natrolite, 490 

Nautilus centralis, 7,ondon Claij , 249 

Panic us, Faroe Chalk, 26!) 

plirafns. Hut he beds, 293 

truncatus. Lias, 343 

- ziczac (A (aria ziezac), 249 

Nebraska. Miocene strata of, 232 
Neckor, M., on * underlying’ igneous rocks, 
563 

on dikes in Vesuvius, 526 

Neoeomiun, Upper, 292 

Middle, 29i, 

Lower. 997 

use of the (erni, 265 

Neolithic era, 125 
Neozoic t.\j)e of coral', 126 
Nepheline, 4 98 

NeptimeV. ( 'ups of Sumatra, 275 
Xcrimva ( loodhailii . Coral J lag. 326 
Nerinivan limestone, 326 
Nerita conoidea (X, fichu ridel liana), 259 

cost u lata, Great Oolite, 332 

granulosa, 32 

Xeritina concara, Ileadon , 239 
(dob ulus, 32 

Neuehatel, coins and iron tools in lake of, 
125 

Newberry, Mr., on flora of American cre- 
taceous rocks, 291 
Newcastle, coal-field, faults in, 67 

coal-pipes in mines of, 390 

Newfoundland bank described, 83 
New Jersey, cretaceous rocks of, 290 

mastodon in, 163 

New Madrid, ‘Sunk Country’ in, 393 
New lied {Sandstone of Connecticut Valiev, 
371 

trnppenn rocks of the, 511 

New York, Devonian st rata of, 453 

Cambrian strata of, 489 

■ Silurian strata of, 478 

Lauren tian strata of, 490 

New Zealand, changes of level in, 149, 166 

Niagara Limestone, fossils of the, 478 

Nicaragua., gold veins in, 620 

Nice, section of slanting beds near, 20 

Nidau, iron tools in lake of, 126 

Niger delta, extent of, 304 

Nile, homogeneous mud of the, 1 32 

stratified mud of the, 4 

Ninety- fat horn dike in coal, 67 
Xipadites ellipticus, fiheppey, 247 
Nodules in strata, how formed, 40 
Noeggerathia cunci/olia, Permian , 383 
Nomenclature of rocks, 117 

of volcanic minerals, 498 

N ordenskibld on Greenland Cretaceous flora , 
305 

Norfolk cliffs, drift of, 170 
North America. See America 


ORFORD 

Norway, Cambrian of, 488 

foliation of crystalline scliists in, 596 

granite veins in gneiss of, 574 

granite altering fossiliferous strata 

in, 581 

Norwich or Fluvio-marine crag, 173 

percentage of extinct shells in, 183 

Nova Scotia coal-measures, 400 

eoal, reptiles and shells in, 406 

folding and denudation of l>eds in, 1 10 

Nuculu Cobholdhv, crag, 175 

Ih shaucsiana, 224 

Nununulitio formations, 260 
Xummvlites lad gat a, Bracklesham, 213 

Puschi, Pit fences, 261 

variofaria, Bracklesham, 242 


OBOLFfi Apolliuis in Russian grit, 477 
j Obsidian, 505 

i Ocean, depth of, compared with height of 
: land, 95 

i Oceanic, areas, permanence <>r, 95 
! oed/aria vadiata in chalk, 275 
(Eli in;. -vn, Upper Miocene beds of, ]:>7, 199 
j insects of. 2u5 

: 0('ynhau>en, M. von, on Corni.-h granite 
veins, 5(il 
Ogngia Bach'd , 173 
O/dhamia vadiata — (). anliguti, 486 
Old Red Sandstone, Upper, 436 

Middle, with fish, 138 

Lower, 41 2 

j trap of the, 548 

I classification of, 434 

I : continental origin of, 435 

i dike cutting through, 578 

! 01 onus micrurus, 483 
i Oligocenc, term for Lowc-r Miocene, 213, 
227 

Oligoclase, 498, 499 

: Ohm Dufrcsn ii, Doldcrberg, Belgium, 207 
Olivine, 498, 501 

Omplnnna turbinatnm, Silurian, 463 
Onchus tenuistriatus, Silurian, 457 
Oolite ami Chalk, Palaeontological break 
, between, 324 

classification and physical geography 

of the, 307 

Great or Bath, 328 

Upper, 309 

Middle, 325 

| Lower, 328 

i plants of, 336 

, defined, 13 

Inferior, fossils of the, 336 

plutonic rocks of the, 572 

and Lias, origin of the, 351 

volcanic rocks of, 546 

Oolitic strata, palaeontological relations of, 
338 

Ophiodenna tenuibranchiata , Lias, 344 
: Oppel on zones of Lias, 340 
Orbigny, Alcidc d’, on foraminifera of 
Vienna basin, 208 

on orbitoidal limestone, 262 

on Pisolitic limestone, 268 

- on crctnccous nomenclature, 265 

Oreodaphne Jleerii, Italian Pliocene, 190 
Orford, coralline crag of, 179 
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ORGANIC 

Organic remains, mineralisation of, 42 
— ; — tests of age of strata, 102 
— — tests of ago of volcanic rocks, 522 

disappearing under metamorphism, 

582 

geological provinces of, 101 

Oriskany Sandstone, 477 
Orth is eiegantula , Ludlow, 458 

grand is , Curadoo beds, 408 

tricenaria, Hula l>ods, 408 

— respcrtilio , Bala beds, 408 
(irthocerns duplex, 473 

Lurie use, Silurian, 400 

lutrralc. 431 

- — renlrieosu/u , Silurian, 400 
( Jrtboeluse, 408, 400 

porphyry, 557 

Ortl inelastic felspars, 500 
Osborne or St. Helen's series, ‘Eocene, 258 
( Met tiepin. Old Red Sandstone, 440 
( tstraenou , sjiiue of, Jlrackleslmui , 244 
1 1st) ra a nun i n at a , Fuller's earth, 550 

eanuuta , Chalk marl, 285 

cofumha, Ch/uritic sand, 285 

( fret/area , Coral Pag, 520 

— - rie/foidea , Ktmmeridge clan, 522 

distorta , Middle Pnrbeck. 510 

expausa , Portland sandy 522 

Marshii, Oolite , 548 

— • resieularis , chalk, 278 
iitodus oldit/uiis, Jirackleshain, 215 
( Interop of strata, 00 

Outliers of Old Red Sandstone, 487 
Overlapping strata, 72 
Owen, Professor, cited, 285, 801, 814, 870, 
878 

on Arebicopteryx, 824 

(»n Koeene Zeuglodon, 208 

— ■ — on footprints in Trias, 872 
— ~ on fauna of Sheppoy, 218, 250 

on Uastornis Parisiensis, 200 

on Labyj-inthodon, 85!) 

— — on mammalia of Stonestield, 884 

on Pnrbeck mammalia, 812, 311 

on reptiles of eoul, 400 

on zoological provinces of extinct 

animals, 187 

Owen, Dr. Dale, on Miocene of Nebraska, 
282 

Ox, tooth of (recent), 1 13 

Oxford Olay, thickness and fossils of, 327 


PAG II AM, erratic block at, 102 
Paheaster aspennins, 170 
J'ahechinus ghjas. Mountain Limestone, 
428 

1 'a l<eocnum ten u ibrach iata , Lias, 844 
JtoUeoniscus, Permian fishy 87!) 

coni plus, P. elegans, P. glapJnjrus, 380 

PaUrophis luphaus, Jirackleshain, 244 
1‘aheoptens hibernica, 437 
Pahxotherium magnum, 287 
Pulaeozoic. or Paleozoic, term defined, 100 

pin tonic rocks, 572 

rocks, 455 

type of corals, 426 

series, 375 

strata, thickness of, 75 

Falagonia, dikes of lava in, 531 


PH ASIAN ELLA 

Paleolithic era, 124, 126 

alluvial deposits of, 1 28 

Palm in Swiss Miocene, 220 
Palma, volcanic crater of, 400 
Paludina lenta , Hempstead beds, 228 

orbicularis, Bcmbridge, 286 

rivipara, 81 

J*aradoxides Ilohemicus, 487 

David is, Lower Cambrian, 484 

Parallelism of folded strata for long dis- 
tances, 71 

Paris basin, tertiary group first studied in, 
118 

tortiaries of the, 253 

g.v psnm, fossil footprints in, 255 

mammalia older than, 315 

Parka decipiens, ‘Old Red,’ 444 
Purkficld Colliery, ground plan of, 301 
Patagonia, strata of, rich in soda, 587 
Patella rugostt, Great Oolite, 332 
Paterson, Dr., oil monocotyledon of the 
coal, 424 

Pencil, Mr. C., cited, 005 

Ptoraspis, found by, 430 

on Cardioearpon, 423 

Penrlstono, 505 

Peat and shell mounds of Denmark, 121 
Pebbles in mineral veins, 014 

in chalk, 275 

Pecopteris etliptica, coal, 414 
Pecten J leaver i. White Chalk, 277 

ductus, Xeocomian, 200 

island icus, Scotch drift, 156 

jacobu'iis, in tertiary of Sicily, 188 

(fiiingiie-castatus, 281 

Valoiiiensis, Jihad ic beds, 854 

Pegmatite. 554 
P( ‘north beds, 855 

Peiigclly, Mr., on Bovoy Tracey lignite, 
225) 

on flint-knives of Erixliam Cave, 

185 

! Pi ntacrinus Jiriarevs, Lias , 844 
Pentamertts Knightii , Aymestry, 458 

oblong us, and P. lirata, 407 

, Pentamern8 limestone. New York, 478 
i Pontlaml Hills, volcanic rocks of the, 510 
I Pcnlrcmites elliptic us , 428 
I Perched blocks, 147 

J Perigord cave, carving of mammoth in, 
127 

Permian, origin of name, 375 

period, extent of land in, 382 

volcanic rocks of , 540 

Flora, 388 

; of Germany, 382 

strata, thickness of, in north of Eng- 

! land, 376 

Upper and Middle, 376 

Lower, 38 1 

l\rua Mulled, Xeocomian, 205 
Petberwyn, Devonian fossils of, 417 
Petrifaction, process of, 44 
J'etrophiloides Ilichardsoni, Shop pen, 348 
Phacops eaudatus, Silurian, 464 

latifrons, Devonian, 446 

Phalangista of Australia, 136 
Phascolomys of Australia, 136 
J Jut sco lo then ti m Jiucklandi, 335 
J’hasianella Ileddingtonensis and cost, 43 
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Phillippi, on tertiary shells of Sicily, 187 
Phillips, Professor, on fossils distorted by 
cleavage, 593 

cm tc:rms Mesozoic and Cainozoic, 100 

-- — on thickness of coal-seams, £185 

on ninety-fathom dike, 07 

on Wcnlock limestone and shale 1 , 463, 

46.3 

on Yomhile series, 386 

Phillips, Mr. J. Arthur, on origin of gold 
of California, 6*20 

Phillips, W., on composition of argillaceous 
rocks, 12 

Phlcboptcris rontiyna , Inf. Oolite , 337 
Phlogopite, 4!)8, .301 
Phobulomya fidieula, It if. Oolite , 337 
Pholodumya cuneata, Thane t Sands, 2.33 
Phonolito, 505 

Phams ejetensus , London Clay, 249 
Phraymoceras veutrieosum, Silurian, 460 
Phy&a Jtristovii , Middle Pui beck, 311 

columnaris, 31 

hypnortun, 31 

Piedmont, absence of lakes in, 166 
J’icrre j\ Pot, huge erratic, 148 
Pikermi, Miocene fossils of, 208 
Pile dwellings of Switzerland, 12-3 
Pilton, group of, Devon, 446 
l’ingle, Dr., on sinking of Greenland, 49 
Pinnularia in Atlantic mud, 271 
Pinus sylvostris in peat, 124 
Pisolitic limestone of Prance, 268 
Pitchstone, 505 

Plaeoiins yiijas , Mnschelkalk, 370 
Plaooids, rare in Old lied Sandstone, 410 
Playiaulax Beckb-sn , Jaw and molar of, 
313 

Plugioolnstie felspars, 500 
Playivstoma yiyanbum, Lias, 311 

lloperi. Chalk, 284 

Pliinerkalk of Germany, 276 
Planes of stratification defined, 16 
J'lanorbi* discus, liembridye , 236 

euomphalus, 31, 238 

Plants of liovcy Tracey , Miocene, 229 

fossil freshwater, 31 

of the Coal, 413 

of the Lias, 351 

• of the Swiss Upper Miocene, 197 

— — of the Oolite, 336 

American Devonian, 452 

Plastic Clay, Eocene, 250 
Plus Ncwydd, rock altered by dike near, 
514 

Plaianus aeeroides, Miocene, 203 
J*lnty stoma Snessii, JIatlstadt, 366 
Playfair, on amount of subaerial denuda- 
tion, 91 

on faults, 65 

Plntroilus mirabilis , Ludlow, 457 
Pleistocene, term defined, 122 

Period, stone implements of the, 127, 

130 

alluvial deposits, 128 

extinct fauna of the, 129 

climate of the, 138 

mammalia, teeth of, 141 

lakes of Switzerland, 164 

Plesiosaurus dolichodeirus , Lias , 348 
Pleurotoma attenuate, liracklesham , 245 


i Pleurotoma exortn, Eocene, 33 
j Pleurotoma ria anyliea, and cast, 13 

! ear in at a ( tlammiyera ), 429 

< /ranulafa , Inf. Oolite, 337 

ornata. Inf. Oolite , 337 

■ Plieninger, Professor, on Triassic marnmi- 
fer, 356 

Pliocene glacial formations, 169-172 

Period, 169 

Plutonic rocks, 570 

strata of Sicily, 1 85 

term defined, 120 

volcanic rocks, 533 

T’liopithcens of Sansau, 196 
Plom lucres, alkaline waters of, 585 
Plumbago of Massachusetts, 584 
Plutonic and sedimentary formations, dia- 
gram of, 568 

! origin of the term, 551 

! rocks, Cretaceous, Oolitic, and Laurie, 

, Recent and Pliocene, 566 

Miocene and Eocene, 569 

: uncertain tests of age of, 565 

defined, 7 

I and volcanic rocks, connection, 

, 558 

i Carboniferous and Silurian, 573 

; Podoearya lineklandi. Oolite, 335 
; Poitiers and Rochelle, chalk area between , 

, 289 

Polypterus of the Kile, 439 
Polyzoa of the coal, 427 

and P»ryozoa, terms explained, 178 

Pomel, M., on fossil mammalia of the Li- 
; mngne, 217 

Pouza Islands, globiform pitchstone of, 

. 512 

Porites pyriformis, Devonian, 447 
I Porphyritic granite, 556 
j Porphyry, 505 

j Portland, Cycads in dirt-bed of, 318 

: section of, 319 

— - oolite and sand, 321 
* Portland screw,' a east of a shell, 321 
: Porto Santo, marine shells in volcanic tuft 
of, 532 

Post-Pliocene period. See Pleistocene 
' Post-Tertiary' a olean ic rocks, 524 
Potamides cincius, 32 
j /* at hoc it es (1 rantonii , coal-measures, 424 
i Potsdam Sandstone, 489 
I Pots tones in the chalk, 274 
, Pottsville, coal seams of, 391 
i Powric, Mr., on Cephahispis beds, 442 

on Parka decipiens, 444 

Pratt, Mr., on Eocene, Isle of Wight* mam- 
malia, 237 

on Oxford Clay, 327 

Pressure, solidifying rocks, 42 
Prcstwich, Mr., on Chillesford beds, 173 

on Amiens flint implements, 129 

on Macclesfield drift-shells, 161 

on ice-borne erratic in coralline crag, 

182 

on Coalbrook Dale insects, *397 

on Eocene strata, 250, 252 

on faults in coal measure of Coalbrook 

Dale, 66 

on shells of London clay, 237 
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PRESTWICK 

Prcstwich, Mr., on thickness of Coralline 
crap, 179 

Provost, M. Constant, on Paris basin, 233 
Primary Limestone, 5 79 

rocks, 455 

series, 97.5 

term defined, 100 

Primitive rocks, a bad term, 9 
‘Primordial Zone’ of Bohemia, 481, 487 
Prodnctus hnrridns, Permian, 978 

semi ret if ufa/ns ( autignatus ), 429 

Progressive development indicated by low 
grade of early mammals, 874 
Proteacenc! of Aix-la-Chapelle flora, 285 

of Lower Molasse, Switzerland, 220 

of (Lningen beds, 201 

Protogine, 578 

Protosaurus of Thuringia, .‘180, 101 
J’rovi net's of animals and plants, 104 
Psa m mod us jtorosun, 482 
Pseud wri Hites hi faucial us, Silurian. 464 
Psilophyton ]>rinceps, Devonian, 452 
I’teraspis in Lower Ludlow shale, 4(!2 
!*t>‘richthy$. Old Red Sandstone, 441 
Pterodactyl of Kentish chalk, 281 
Pterodactyl an crassirostris, Solenhofen, 824 
Pteryyotn s angheus, 442 
P/yrhodus decurrvns, White Chalk, 280 
Pudding-stone or conglomerate, 12 

formation of, 89 

Pumice, 007 

J’unfield beds, brackish and marine, 808 
Papa mvseomm, 182 

tridens, Loess, 82 

rctuata, coal, 408 

Purbeck bods. Upper, Middle, and Lower, 
809, 810, 817 

fossil mammalia of the Middle, 811 

marble, 810 

subdivisions of the, 820 

Purity of coal, cause of, 898 
Purpura tetragona , lied Crag, 170 
Purpuroidea nodnlata, Great Oolite , 882 
Puy de Come, cone and lava-current of, 528 

de Tarturct, lava-eurrent and cone of, 

527, 542 

de Tarion, crater of the, 529 

Puzzuoli, elevation of land at, 520 
Pyffopterus mnndibularis, Permian , 880 
Pyramids built of nummulitic limestone, 
261 

Pyrenees, chalk altered by granite in the, 
570 

curved strata in, 63 

lamination of clay-slate in, 598 

nummulitic formation of, 261 

Pyroxene group of minerals, 498, 501 
Pyrula reticulata , Crag, 181 


QUADRUPEDS, extinct, in Paleolithic 
gravels, 129 

Qundrumana of Gers, 196 
Q u ader- sand stein , cretaceous age of the, 
276 

Quarry-water in stone, 39 
Quartz, glass cavities in, 555 

porphyry, 557 

vein, Christiania, 562 

specific gravity of, 499, 554 


RISE 

Quartzite or Quartz ltock, 579 
Queenaig, unconfomiable Pakeozoic strata 
at, 89 

Qucnstcdt on zones of Lias, 840 


TlADABOJ Miocene, brown coal of, 220 
Radiol ites foliaceus, White Chalk, 289 
— Mortoni. , TF7o> Chalk, 278 

radiosn, White Chalk, 289 

Radnorshire, stratified trap in, 549 
llninprints with worm tracks in coal, 409 
Ramsay island, Cumbrian of, 483 
ltamsay, Professor, on break Ik tween Up- 
per mid Lower Cretaceous, 285 

on breccias in Permian, 381 

<m continental origin of Permian, 882 

on continental origin of Trias, 808 

on denudation, 75 

on escarpments, 81 

on ice-erosion of hike-basins, 163 

- — on lacustrine origin of Old Red {Sand- 
stone, 485 

• on Lingula Flags, 484 

j on Silurian metamorphic rocks, 008 

j on submergence in glaeiul period, 101 

I on Dundry llill strata, 107 

— on thickness of the Lower Trias, 860 

on thickness of Lhindeilo beds, 473 

. on thickness of the Bala beds, 471 

j on volcanic tuffs of Snowdon, 549 

j on zones of the Lias, 840 

I Hast rites peregrin us, Llandeilo Flags, 472 
j Watli, Tom, on Tridymitc, 499 
| Reading and Woolwich series, 250 
! Recent Period defined, 122 

! implements and fauna of the, 

j 123-125 

I Record, imperfection of, in the earth’s 
crust, 115, 250 

Red crag, older Pliocene, 175 

i percentage of extinct species in, 188 

j oxide of iron colouring strata, 49,5 

; Sandstone, origin of, 302 

Sea and Mediterranean, distinct 

i species in, 104 

Redruth mine, section of veins in, 009 
. Reindeer Period in South of France, 120 
I Relistran mine, pebbles in tin of, 611 
| Rept iles of the Lias, 347 
Hefepora Jin struct a, Permian, 377 
i Rluetic beds between Lins and Trias, 354 
1 Rhine, freshwater strata of the, 29 

loess of the, 1 31 

. Rhinoceros in drift of Abbeville, 131 

leptorhinus(niegarhinus), molar of, 142 

■ tichorhinus, molar of, 142 

Rhode Island, metamorphic rocks of, 584 
Rhynehauella navicula, Ludlow, 458 

octopticata , White Chalk, 277 

sjrinosa. Inf. Oolite, 337 

Wilson i, Aymestry, 459 

Richmond, Virginia, triassic coal-field of, 
372 

Rigi and Sjieer, Lower Miocene of the, 218 
Rimula clathrata, Gt'eat Oolite , 332 
Rink, Mr., on Greenland land-ice, 151 
Hipidolite, 498 

Ripple-marked sandstone, how formed, 21 
Rise and fall of land, 123 
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Jtissna Chasfelii , Hempsteutl beds, 228 j 

Hi vers, denuding powers of, 78, !> 1 
Roehes inoutnnniVs described, J47 1 

Rock, term defined, 2 < 

Hocks, altered by volcanic dikes, 511 

altered by subterranean prases, 58G 

analysis of minerals in, -181 

- - ancient, brought lo the surface, S5 
aqueous or stratified, 3 

classification of, PS 

four contemporaneous classes of, I>, 99 

glacial scorings on, 147 

great thickness of pnla-ozoie, 87 

• motamorphie, age of, 599 

■ nietamorphie, defined, 8 | 

plutonic, age of, 565 i 

— - platonic, defined, 7 
solidification of, 38-42 

underlying, not always the oldest, 99 

volcanic, age of, 520 : 

volcanic, defined, 5 

Hock -salt of Trias, origin of. 302 i 

Hogers, Mr. 11. D., on blending or coal- . 
seams, 591 

on Virginian fault, (10 

Tlose, Clustavns, on isomorphism, 502 

on Fifcshire dike, 517 

oil quartz iu granite, 551 

Rosso antico, red porphyry of Egypt, 5(IG 
Rost, llttriu ( l/ijijmcrrncs) ai/ipla, London 
clan, 240 

Roth, M., on Miocene of (! recce, 208 
Hothliegendes of Germany, 582 
Rudistes of the chalk, 275), 285, 200 
Hunn of Cutch, salt of, 361 
Hupelian beds of Dumont, 225 
Rupolnionde, Lower Miocene of, 221 
Russia, chalk of, 270 

Devonian of, 451 

glaciation of, 154 

Permian rocks of, 585 

Silurian strata of, 476 


SAARBRUCK, reptiles in coal-field of, 307 
Saba l Major , Lower Miocene, 220 
Sables dc Broeheux, 2G0 

— oldest tertiary mammifer in, MIG 

Sables movens, Paris basin, 257 
Salilite, 501 

St. Abb’s Head, curved strata of, 52 

unconformablc stratification at, 71 

St. Acheul, flint tool of, figured, 1M0 
St. A ndrews, carboniferous trap rocks of, 51 G 
St. Roes Head, Permian of, 37G 
St. Cassinn, fossil mollusca of, 3GG 

and Hallstadt beds, 3G5 

St. David’s, Menevian beds of, 484 

St. Helen series, Eocene, 238 

St. Jean de Luz, curved strata or, CM 

St. Petersburg, Silurian roeks of, 47G 

St. Peter's Mount, Maestriclit beds of, 2C7 

Salisbury, flint implement found at, 130 

Salt, rock, origin of, 3G3 

Salter, Mr., on fossils of Arenig group, 474 

on Menevian beds, 484 

on Tromadoc fossils, 482 

.San Caterina, undulating gypseous marls 
of, G3 

Sandberger, Dr, F., on Mayence basin, 225 


section 

Sandstone, New Red, 354 

Old Red, 431 

slab of ripple-marked, 21 

slab with cracks, 5.02 

slab with footprints, 309 
Snusan, Miocene vertebrata of, I9G 
Si to hirsn fa, 488 
Saurian* of the Lias, 347 

sudden destruction of, M!9 

San rich! hns aju'cafi.s , Jlhatie Beds, 555 
Suussure, on vertical conglomerates, 50 
Sujicara riajosa, Scotch drift, 15G 
Saxony, beds of minerals in, Gil 

Cheirotberian footprints in, 560 

Permian rocks of, 383 

Scandinavia, glneintion of, 154 
Sea ph it es tri/ natis, Chloride marl, 282 
Scapolite, 4!)9 

Sebeerer on action of water in metamor- 
] ill ism, 585 

.Schist, term defined, 7 

argillaceous, 579 

hornblende, 578 

mica, 579 

Scbimpcr, Trof., on Astorophyllites 4 1 S 
Shizodus Schlothrimi , Permian, 577 
- — franca fits , Ptrmian , 377 
Sohnierling, Dr„ on Liege caverns, 135 
Schwab, M., on Celtic coins in lake-dwel- 
lings, 12G 

Seoliostoma, St. Cassia n , 3GG 
Sconce, Rem bridge bods at, 236 
Scorcsby, on Arctic icebergs, 151 
Scoria?, 507 

Scotland, coal-fields of, 387 

* Fundamental gneiss ’ of, 492 

mammoth in till of, 155 

Old Red Sandstone of, 438 

glaciation of, 155 

Scotch drift, marine shells in, 15G 
Screws, fossil, internal easts of shells, 45 
Scrope, Mr., on Isle of Fonza globiform 
pitclistone, 51 2 

on minerals in lava, 521 

on water in lava, 655 

on Auvergne Miocene volcanoes, 542 

on foliation of crystalline schists, 597 

Scudder, Mr., on Devonian insects of 
Canada, 453 

Sea, apparent fall of, caused by rise of 
land, 4 7 

denuding power of the, 82 

deep soundings in, 271 

mean depth of the, 95 

cliffs, inland, 80 

Sea-urchin with crania attached, 25 
Secondary and Tertiary, gap between ti c, 
2G4 

term defined, 100 

Section of Auvergne alluvium, 77 

of carboniferous rocks, Lancashire, 62 

of chalk and greensand, 270 

of concretionary nodules, 40, 41 

of contorted drift, 158 

of crags near Woodbridge, Suffolk, 

179 

of cross-stratification, 18-20 

of curved strata, 62, 63 

of curved strata of the Jura, 59 

of dirt-bed in Isle of Portland, 319 
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Section of different forms of stratification, 
18-20 

of Forfarshire, showing curved strata, 

51 

of fossil tree, showing texture, 44 

of folded and denuded carboniferous 

bods, Nova Scot ia, 411 
of the Oolitic strata, 308 

- — of Recent and J’ost- Pliocene alluvial 
deposits, 12K 

— showing creeps in coal-mines, 56 

• of slaty cleavage, 590 

showing valleys of denudation, 75 

sliowing the Weald formation, 298 

of strata, thinning out, 17, 10(5 

of superimposed groups at Dundrv, 

11 ill, 107 

of unconformable junction of rocks, 

71 

of unconformahle strata near Hons, 

72 

Sections illustrating faults, do, (57, (58 
Sedgwick, J'rofcssor, on the Cambrian 
Croup, 480, 482, 48, r > 

on classification of Arenig group, 474 

on concretionary structure, 40 

on Devonian series, 4554, 4 45 

on garnet in altered rt>ck, 515 

on Magnesian Limestone, 557(5, 081 

on position of the May Hill beds, 407 

— — on slaty cleavage, 589, 592 
Sediment, accumulation of, causing n 
shifting of the subterranean isothermal*, 
95 

Selsca Bill, erratics at, 101 
Senarmout on action of water in metamor- 
phism, 585 

Senonion of French cretaceous series, 266 
Seguoia Langsdovlii, 221 

* Seraphim ' head of Pterygotus anglicus , 442 
Serapis, raised loaches of, 123 
SeriHjntine, 578 

Serjmltv attached to Gryplnva. 24 

attached to Spatangus , 25 

attached to Aptocrinus, 320 

Shale defined, 12 

Sharj»e, Mr. D., on American Silurian 
fossils, 470 

on fos-ils distorted by cleavage, 593 

Shell-mounds of Denmark, 123 
Shells, arctic, in Scotch drift, 15G 

derivative, in the crag, 175, 185 

marine, found at great heights above 

the sea, 5 

of the Faluns, 194 

proportion of living, in the crags, 

174, 175, 180 

value of, in classification, 119 

fossil. See Fossils 

Sliappcy, fauna and flora of, 247 

Eocene fish of, 248 

Sherringham, erratic block at. 172 
Sicily, fauna and flora of, older than the 
country itself, 189 

great height of marine strata in, 48 

newer Pliocene strata of, 1+55 

subterranean igneous action in, 571 

undulating gypseous marls of, 63 

volcanic dikes of, 530 

Sidlaw Hills, trap of, 540 


sroNDYLVS 

Sicbongebirge, brown coal of, 510 
Sigillaria in coul-moasurt s, 401, 419 
Sia Maria hvrigata, coal-measures, 419 
Siiiceous rocks* 11 

limestone defined, 13 

Silurian, derivation of the name, 453 

granite of Norway, 574 

motamorphic, of Highlands, (503 

rocks, classification of, 455 

strata of the continent of Europe, 470 

strata of United States, 477 

volcanic rocks, 549 

Siphonotreta unguirulata , obelus grits, 477 
Siwalik llills, freshwater deposits of, 205) 
Kkiiplar ,1 ok ill, flow of lava from, 523 
Sk^o, hyperulhcne rocks of, 400 

Isle of, syenite of the, 569 

Slaty clea vage, 589 

Slieken-sidcs, in opposite walls of veins, 
610 

term defined, fit 

Smilax sag iff if era, (Eningen, 204 
Smith, Mr. W., on White Lias bed, 354 
Snowdon, volcanic tuffs of, 519 
Soissonnais sands, 259 
Solenastrtva ce/lulosa, firockenhurst , 240 
Solenliofen stone, fossils in the, 323 
Solent, Weald clay under the, 298 
Solfa tara, decomposition of rocks in the, 
58(5 

Sonnua, cone and dikes of, 526 
Sopwitli, Mr. T., models of outcrop of 
strata, (51 

Sorby, Mr., on action of water in meta- 
morphism, 585 

on glass cavities in quartz, 555 

on mechanical theory of cleavage, 

593 

on ripple-marks iu mica-schist, 597 

South Joggins, section of cliffs at, 401 
Spain, Neocomian Inals of, 304 
Spalacotherium, Purbeck, 312 
Spa tang us radiatus , Chalk , 267 

with serpula attached, 25 

Speer and Rigi, Lower Miocene of the, 21 8 
Spoeton Clay, divisions of, 295, 29(5, 297 
Species, gradual change of, 116 

older than the land they inhabit, 189 

similarity of conditions causing re- 
appearance of, 294 

Specific gravity of basalt and trachyte, 503 

of volcanic minerals, 498 

Sphenophyllum erosvia, coal, 419 
Spheroidal concretions in limestone, 41 
Trap, 512 

Sphenopleris gracilis , Hastings sands , 303 
Spluvrium ( Cyclas ) corneas , 30 
Sphcet exoch us mirus, Silurian, 464 
Spfucrulites ugariciformis , White Chalk, 
289 

Spicula of sponge, Atlantic mud, 271 
Spirifor -sandstone of the Rhine, 430 
Spirifera disjuncta, Devonian, 446 

(data, Permian, 378 

mucronata , 450 

trigonal is , and S. glabra, 429 

Spiriferina Walcotti, Lias, 342 
Spirolina stenostoma. Eocene, 258 
Spirorbis carbonarius , coal-measures, 396 
Spondylus spinosus , White Chalk, 277 
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SPONGE 

Sponge in flint from White Chalk, 270 
Sponges, vitreous, in the chalk, 274 
Spores and sporangia of coal, 404 
Springs, mineral of Auvergne, 586, GOG 
Stuffa, age of columnar basalt of, 540 
Stalactite, origin of, explained, 144 
Starfish in Silurian strata, 470 
Stauria astreeiformis , 420 
Stereognathus of Stonesfield, 445 
Stornlx*rg, Count, on insects in coal, 400 
Stigma riu attach'd to trank of Sigillaria , 
420 

Stigmaria in coal-moasures, 689, 402, 420 
Stigma ria fleoides and surface shoving 
tubercles, coal, 421 
Stilbite, 400 

Stiper-Stones or Arenig Group, 474 
Stockverk, assemblage of veins, (507 
Stomata of Cretaceous Prot,euceu\ 287 
Stone weapons of Denmark and Switzer- 
land, 124 

Stonesfield slate, mnnimalift of the, 442 
Strata, term defined, 4 
alternations of freshwater, and shal- 
low and deep-sea, 85 

alternations of marine and fresh water, 

45, 401 

altered by intrusive granite, 581 

apparent liori /.natality of inclined, 58 

consolidation of, 58 

contorted in drift, 158 

contortion oF, in Cyclopean Isles, 551 

curved, inclined, and vertical, 50 

diagonal arrangement of, 18 

— — elevation of, alxivo the sea, 47 

general table of fossiliferous, 100 

• horizontally of, 1(5 

how to distinguish marine and fresh- 
water, 29-55 

of organic origin, 27 

origin of metamorpliie, 580 

outcrop of, (50 

overlapping, 72 

parallel folds of, 70 

repeated by being doubled back, 01 

slow growth of, attested by fossils, 

24-20 

tests of age of, 1 00 

thinning out of, 17 

unconforrnubility of, 71, 111, 115 

vast thicknesses of, not forming high 

mountains, 8(5-40 

Stratification, diagonal or cross, 17, 20 
— — different forms described, 15-21 

joints and cleavage, section, 541 

of metamorpliie rocks considered, 582 

Stratified rocks, ooinjxisition of, 11 
Stripe, production of, 146 
Stricklnndinia lirata , 4(57 
Strickland, Mr., on thickness of the Trias, 
358 

on zones of Lias, 340 

Striated pavements, 158 
Strike, term explained, 57 
Stringocephalus Burt ini, 448 
Stromboli, lava of, 567 
Strophomena depressa , Wcnlock, 464 
grandis, 468 

Strozzi, Marquis, on Pliocene flora of Italy, 

190 


TABLE 

Structure of coal, 404 

Studer,Mr.,on gneiss of the Jungfrau, 601 

Subae'rial denudation, 74 

average annual amount of, 90 

Subapeunine beds, proportion of recent 
species in, 120 

strata. Older Pliocene, 189 

Submarine denudation, SI 
Subsidence of land must preponderate over 
upheaval, 93 

Subterranean heat affected by transfer of 
sediment, 9 
Succima amphibia , 41 
elongata, 1512 

Snoss, M., on fossils of St. Cassian beds, 
465, 55(57 

on Vienna basin, 207 

Suffolk, crag of, 170 
‘ Sunk country," New Madrid, 4951 
Superga, Miocene of the, 208, 227 
Superior, Lake, soft marl in, 40 
Su]x?rposition of deposits, a test of ago, 1 01 

a test of nge of volcanic rocks. 521 

Sutherlandshire, unconformable Palaeozoic 
strata in, 89 

Swnuagc, fossil mammalia found at, 312 
Sweden, Cumbrian of, 488 

ferruginous ores in lakes of, 363 

slow rise of land in, 44 

small thickness of Silurian strata in, 

47(5 

! Switzerland, depth of lakes of, 1G4 

lake-dwellings of, 125 

Liassic insect fauna of, 351 

Lower Molaase of, 218 

Middle or Marine Molasse of, 206 

Upper Miocene of, at (Uningen, 197 

Sydney coal-field, rainprints in, 409 
Syenite, composition of, 557 
Synmnds, Rev. W. S., on Mod Try f mm 
shells, 1 60 

Synclinal and anticlinal curves,. 51, 62 


TABLE of Botanical Nomenclature, 287 

of St. Cassian fossil mollusca, 5167 

of Cretaceous formations, 266 

of Devonian series in Devon, 416 

of divisions of Hustings Sand, 400 

of English and French Eocene strata, 

245 

of formations succeeding the Cromer 

forest bed, 171 

of ages of fossil vertebrata, 4 61 

of Neocomian strata, 242 

of mammalia older than Paris gyp- 
sum, 415 

of marine testacea in the crag, 184 

of Oolitic strata, 5508 

of volcanic minerals, 498 

of Silurian strata of United States, 

478 

of botanical terms, 287 

of G locial and Post-glacial formations. 

171 

of Silurian rocks, 455 

of Triassic strata of Germany, 5564 

of Cumbrian strata, 481 

of Permian of north of England, 376 

of Welsh coal-measures, 380 
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TAHLE 

Table of thicknesses of Carboniferous Lime- 
stone, 387 

general, of fossiliferous strata, 100 

Table mountuin, granite veins in clay-slate 
of, r»(iO 

horizontal elevated strata of, 40 

Tsioliylite, 501 

Tails of liomoccrcal and lieteroccreal fish, 
070 

Talc, 40ft 

Taleose granite, 557 

gneiss, 57 ft 

Tarannon shales, 4GG 
Tartoret cone, and lava of, 527, 512 
Tate, Mr., on St. Cnssinn fossils, 507 
Teal by series, Middle Neocomiun, 290 
Teeth of extinct mammalia , 14 l 
Telliuu balthica (T. solid ala). 170 

culcarea (T. jiroximu), 157 

obligua, crag, 175 

Te mn echinus excavatus, 181 
Tenmoptcurus excarat as, 1 SI 
Tenlacalitcs an an tat us, Silurian, 407 
TtTcbcttum f usiforme, Jiarton, 212 

sop Ha, Jiarton, 24.2 

Terebrutulu affinis, A ymestry, 450 

biplica fa , White Chalk, 277 

earn ea, White Chalk, 277 

digoua , Jlradford clay, 532 

fimbria, Inf. Oolite, 337 

hastata. Mountain Limestone , 420 

sella, Acocomian, 201 

Wilson i, A ymestry, 150 

Tercbratulim t striata. White Chalk, 277 
Terr bri rostra lyra , Chloride Sand, 2S1 
Teredo naralis, boring wood, 20 
Terminal moraines, 117 
Tertiary formations, classification of, 114- 
117 

plu tonic rocks, 500 

strata, subdivisions of, 120 

- — terms defined, 100 
Tesbucca. See Shells 
Tests of the ago of strata, 100 

of volcanic rocks, 520-524 

of plutonic rock, 505 

Thnllogens, 287 
Thamnastreca, Coral Jlag, 32C 
Thanct sands, 252 

Theca operculata, Trcmadoc 1 cds, 4S2 
Thecodonfosa urus, tooth of, 302 
Thecodas parvidens , Ludlow, 457 
Thecosmilia annularis. Coral Jlag, 32G 
Thirria, M., on N Crimean limestone, 320 
Thomson, Dr., on nnmmulites of Thibet, 
201 

Wyville, on Atlantic mud, 271 

on depths of the sea, 95, 345 

on sponges in chalk mud, 275 

Three Rock Mountain, Ireland, drift of, 170 
4 Thrust ’ in coal-mines, 55 
Thun, Lake of, land shells in strata near, 29 
Thurmaun, 31., on Rerneso Jura Oolite, 
331 

on structure of the Jura, 00 

Thuringia, monitor of, 380, 401 
Thylacotherium JYcvostii, Stonesfield, 331 
Tilgtttc Forest, fossil Iguanodoii in, 300 
Tilcstones of the Upper Ludlow, 450 
Till described, 144 


TUFF 

I Till mammoth in Scotch, 155 

I of North America, 102 

j Tin veins, age of, in Cornwall, 009 
: Titanoferrite, 499 
| Tithoniun of the Continent, 292 
! Tongrian of Dumont, 240 
; Torbay, Devonian rocks of, 4 10 
Torell, Dr., on ice-action in Greenland, 

1 151 

on shells of Scotch drift, 157 

on Swedish Cambrian fossils, 488 

Touraine, fuluns of, 192 
Tourmaline, 498 
Trachytic rocks, 497, 504 

tuff and porphyry, 005 

lava, age of, 523 

Transition Miocene mammalia, 209 
Trap, term defined, 497 

dike intersecting strata, 518 

j dikes, 512-515 

; intrusion of, between stratn, 517 

; rocks, ages of, 520-550 

i - — tuff described, 507 
1 Trappean rocks, nomenclature of, 490 
, rocks, their relation to active volca- 

nos, 51 7 

■ Trass of Lower Eifel, 535 
1 Travertin, how deposited, 37 

! infericur of I’aris basin, 257 

• Tree ferns, living, 415 
j Trees erect in coal, Nova Scotia, 401 
! Trenmdoc slates and their fossils, 481 
j Tromolitc, 498, 501 
I Trenton limestone, fossils of the, 479 
; Trczza, volcanic rocks of, 530 
, Trias, beds of passage between lias and, 354 
! — - supposed continental origin of, 303 

| of England, 357-304 

I of Germany, 304-370 

! Trias, Silurians of the, 358 

I of the United States, 371 

j Triassie manimil'er, 350, 373 
j Triclinic felspars, 500 
j Triconodon major in Middle Furliock, 514 
I Tridymite, crystallised silica, 49S 
\ Trigunellites latus, Kimmeridge clay, 323 
I Trigonia caudata, Neocomian, 294 

j gibbosa, Portland stone, 322 

1 Trigonocarpum untium,und T.oUrtvforme, 
coal, 423 

Trigonotreta vndulata, Permian, 378 
Trilobites of liala and Carudoc beds, 409 

blind, 485 

of Harlech grits, 480 

metamorphosis of, 470 

of primordial zone, 487 

Trifmulina injiata. Eocene, 258 
Trimmer, Mr*., on contorted strata, 159 

on shells of Moel Tryfaen, 100 

Trinucleus concentricus, T. Caractaci, 470 
Trionyx , carapace of, liembridge, 230 
j Triple group or trios, 357 
Tripoli composed of diatomaeeie, 27 
j Trochoceras giganteus , Ludlow, 400 
i Trophon antiquum {Fusus contrarius ), 177 

| claihratum, Scotch drift, 15G 

j Tuff defined, 0 

I shelly, of the Grand Canary, 558 

trappean of Llandeilo rocks, 473 

I shelly, of Gcrgovla, 542 
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TUNBRIDGE 

Tunbridge Wells sand, 300 
Tiipaia Tana , recent, 333, 334 
Turner, Dr., on chemical decomposition, 
45 

Tnrrilites contains, chalk, 282 
TurritcUa multisuleata. 1 Iraeklesliam , 245 
Tuscany, mineral springs of, 000 
Tylor, Mr., on amount of subaerial denu- 
dation, 91 

Tynemouth cliff, brcociatcd limestone of, 
*377 

Tyndall, Dr., on slaty cleavage, 595 

Ty nodale fault, 07 

Typhia punyens, Barton clay , 212 


UNCITES , Gry pirns, Devonian, 448 
Unconformability of strata, 71, 115 
Underlying, term applied to plutonio rocks, 
10 

Unger on American forms in Swiss Mio- 
cene flora, 205, 222 

on Miocene plants of Croatia, 220 

Ungulite, orObolus grit of Russia, 477 
Unio lit t oralis, 30 

Valdensis, TTastinys Sands. 302 

United States, Cambrian of the, 489 

cretaceous rocks of, 290 

Devonian of, 451 

Eocene strata in the, 262 

footprints in Carboniferous of, 399 

Lower Miocene of, 232 

Older Pliofceno and Miocene forma- 
tions of, 210 

Silurian strata of, 477 

Trias of the, 371 

Upheaval of land more than counteracted 
by subsidence, 93 

power of denudation to counteract, 

82, 92, 96 

Upper Greensand, or Cliloritic series, 282 
Upsala, erratics on modern marine drift 
near, 354 

Ural Mountains, auriferous alluvium of, 
617 

Uralitc, 498, 501 

Ursus, spelceus , tooth of, 143 

Urville, Captain d’, on size of icebergs, 152 


VALLEYS, origin of, 79 
Val d’Arno, Newer Flioccne of, 189 
Valorsine, granite veins in talcose gneiss 
in, 599 

Valrata piscinalis, 31 

Vanessa l'luto. Lower Miocene Croatia, 226 
Vaucluse, Miocene vortebrata of, 196 
Vegetation. See Plants 
Veins. See Mineral veins 
Veinstones, 611 

Venetz, M.. on Alpine glaciers, 148 
Vein -ricardia planicosta, 243 
Ventriculites radiatm, chalk, 275 
Verncuil, M. dc, on Russian Silurian, 4G0 

bn Permian flora, 383 

Vertebrata, progress of discovery of fossil, 
461 

Vertical strata, 50 

Vesuvius, Post-Tertiary volcanic rocks of, 
525 


“WEALD 

Vesuvius, tufaeeons strata of, 622 

dikes of, 527 

Viearya Lujan i Pun field, 303 
Vicontin, columnar basalt of the, 511 
Vienna Basin, Upper Miocene beds of, 207 
Vine in Miocene bods at (Eningen, 197 
Virginia, eighty miles of fault in, 69 
coal-field of, 372 

Yirlet, M., on corrosion of rocks near 
Corinth, 585 

on cretaceous traps of Greece, 545 

on fossils in veins, 611 

on volcanic rocks of the Morea, 545 

Volcanic ash or tuff, 507 

breccia, 508 

dikes, 512-515 

force and denudation, opposing 

powers, 92 

mountains, structure and origin of, 4 93 

rocks defined, 5 

mineral composition of, 497 

Post- Tertiary, 524 

Pliocene, 529, 533 

Miocene, 536, 539 

Eocene, 543 

Cretaceous and Liassic, 545 

New Red, Permian and Carboniferous, 

545, 516 

Old Red Sandstone, 548 

Silurian, Cambrian, and Laurcntian, 

55, 549 

rocks of Auvergne, 495, 641 

columnar and globular structure o', 

509 

of Grand Canary, 538 

— — special forms of structure of, 505 

tests uf age of, 520 

Volcanos, extinct, 0, 541 
Voltzia hcterophylla , Bun ter, 370 
Valuta antbiyua, Barton clay, 242 

at hie to , Horton, 242 

Junonia, living, 177 

Lamberti, coralline and red crag, 177 

Lamberti fid u ns, 195 

nodosa, London clay, 249 

Selseiensis, Bracklesham , 245 

Von Bnch, Leopold, on 1 elevation craters,' 
495 

on Silurian plutonio rocks, 573 

Vosges Mountains, Trias of the, 370 


WACKE described, 508 
Wadhurst clay, 300 

Wagner, M., on Miocene of Greece, 20S 
Walchia pin (form is, Permian , 383 
Wales and England, glaciation of, 159 
Wales, slaty cleavage in, 590 
Wallich, Dr., on Atlantic mud, 271 

on chalk flints, 273 

Walton crag, 176 

Water, denuding power of running, 75, 92 

action of, in metmnorphism, 584 

Waterhouse, Mr., on the mammalia of tlio 
Limague, 217 

on Stonesfield mammalia, 334 

Water -stones of Cheshire, 362 
Watt, Gregory, on fusion of rock, 584 
Weald clay and its fossils, 298-300 
section of, 298 
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WEALDEN 

Wealden area, thickness of the, 305 

formation, 297 

flora, 305 

Webster, Mr. T., on Tertiary strata, U8 
Wellington Valley eaves, 136 
Wencr Lake, Silurian deposits of, 48 
Wcnlock formation, fossilB of the, 462-460 

limestone, 462 

shale, 465 

Werner on mineral veins in Saxony, Oil 

on isomorphism, 501 

Wostlmry on Severn, Rhaitie beds of, 355 
Westwood, Mr., on lias Ixietles, 351 
Wexford, veins of copper at, 617 
Whitaker, Mr., on subaeruil origin of es- 
carpments, 81 

Whiteeliff Bay, Eocene of, 237, 211, 243 
White or coralline crag, 178 

sand of Alum Bay, 14 

Whymper, Mr., on Arctie Miocene plants, 
223 

Williams, Mr., on Cornish lodes, CIO 
Williamson, Professor, on conifers of the 
coal, 422 

on structure of ealamite, 418 

on spine of Ostraceon, 244 

on Cheirotherinn footprints, 360 

Wind, denuding action of the, 74 
Witlium on fossil vegetables. 44 
Wood drilled by mollusca, 26 
Wood, Mr. Searlcs, on Bridlington shells, 
170 

on Chillesford and Aldoby Ixxls, 171 

on shells of the crags, 173, 174, 177, 180 

on shells of crag and faluns com- 
pared, 194 

on flsli of Headon series, 239 

tabic of marine testacea of the crag, 

183 

on thickness of coralline crag, 179 


ZURICH 

Wood, Mr. Searles, on classification of 
Weybournc sands, 171 
Woodbridgc, London clay at, 250 
Woodward, Dr., on St. Cussian fossils, 807 

Mr. H., on Tterygotus, 443 

Woolhope beds, 405 

Woolwich and Reading series, 250 

Wright, Dr., on Barton shells, 241 

on zones of the lias, 340 

Wlinsch, Mr. E. A., on trees in volcanic 
ash, 547 

I Wyman, Dr., on Alabama Zcnglodon, 263 
Wyville, Thomson, See Thomson 


X IPIIODON gradle, Paris basin, 255 
Xylobius Sigillartie, Nova Scotia coal, 407 


YOREDALE Itcds, thickness of the, 380 
Yorkshire, Oolite of, 380 

creeps in coal-mines of, 55 

glacial drift of, 109 

Young, Mr., on seeds washed out of mam- 
moth tusks, 156 


ZECHSTEIN of Germany, 382 
Zeolites, secondary volcanic minerals, 49!) 
Zenglotlon ceto tiles, Eocene, United States, 263 
Zircon -syenite, 557 

Zirkel, Professor, on intrusive rocks, 569 
Zoaniharia rugosa and Z. aporosa, 426 
Zones of the lias, 340 
Zonites priscus, cool, 408 
Zoological provinces, great extent of, 103 
Zoophytes, fossil, 24 

See Corals, Bryozoa, etc. 

Zurich, lake-dwellings in Lake of, 125 
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